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Gentlemen, — I appear before you at the request of your worthy 
President. Lack of time made me doubt that I could prepare a 
paper of sufficient importance for the purposes of this Association ; 
but the nature of your work, as well as the opportunity afforded by 
this meeting of hydraulicians, forced me to make the effort to bring 
to you at least a message from the hydraulic laboratory of Cornell 
University, even though this paper is the result of a hasty and 
almost uncorrected dictation. 

My only object is to give a brief history of the great laboratory 
built by Cornell University for the purpose of advancing the prog- 
ress of hydraulic science, and to invite any and all of you to make 
use of its possibilities for research. To secure this object, means 
have been and will be provided to carry on hydraulic investigations 
with a large plant and on a suitable scale. 

It is needless to say before this body of expert hydraulicians that 
the day is past for what have been known hitherto as class-room 
experiments in hydraulics. No important designs can be wholly 
based upon the results of such experiments. We all have found, 
and not in a few or unimportant cases, that it is not safe to use the 
results of experiments made on a small scale, or if the experiments 
do not reach the conditions which exist in actual practice. Modern 
practice is becoming daily more exacting, since the magnitude of 
our undertakings demands the solution of new and larger problems. 
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However interesting and necessary the labors of early experimenters 
may have been in this field, the improvements effected by them 
have served to demonstrate that the experiments upon which new 
theories of hydraulics have been based can be considered only as 
steps in the rational evolution of this difficult science. ‘The pur- 
poses of the Cornell laboratory are to pass beyond tentative and 
disproportionate experimentation into the field of actual research 
under the natural conditions which the engineer actually meets in 
his professional life. ; 

The evolution of this laboratory has been slow. When I was 
called to the Deanship of what was then the Engineering Depart- 
ment of Cornell University, I had three general ideals in view : first, 
to endeavor to raise the social standing of the engineering profes- 
sion, the economic value of which is still very much misunderstood 
and underrated; second, to improve the professional preparation 
required for the discharge of the important functions of the engi- 
neer as the creator of industrial wealth-in a country radically dif- 
ferent in every respect from older European communities; and, 
third, as a corollary to these differences of conditions, to establish 
a rational system of laboratory work that would avoid tendencies 
toward empiricism, by making this work go hand in hand: with the 
theory of the class rooms. 

Since even the blind experimental labors of the alchemist made 
possible the discoveries which have converted empirical chem- 
istry into a purely mathematical science, it seemed to me that no 
insurmountable difficulty could be found in teaching by experimental 
illustrations the relations between force and matter from the engi- 
neer’s point of view. I find among some old notes, that I made this 
statement in a lecture upon the spectroscope delivered in 1865 
before a club, at Stamford, Conn. 

In 1873 some experimental apparatus was constructed for the use 
of the students in our engineering classes. There was no intention 
of making any new discoveries. Experimental work on cements 
and on losses of head through elbows and through sudden changes 
in the dimensions of pipes gave encouraging results, even though 
the latter were simply repetitions of work done by Weisbach, Darcy, 
Poncelet,. Polonceau, and others. The object was to ascertain if 
this radical change of teaching methods could be made to become a 
teaching necessity. If it should prove to be effective, either by 
shortening the time required for instruction or by making more 
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thorough the results of text-book study, and if it could be intro- 
duced and perfected within reasonable limits of expense, then the 
realization of the full advantages of the method would be only a 
matter of effort and time. 

The first difficulty met was our inability to obtain adequate appa- 
ratus, which in turn demanded that I should convince the authori- 
ties of the university of the expediency of attaching to the college 
force, permanently, a corps of skilled mechanicians. This was a 
step without precedent up to that time. It took ten years of mis- 
sionary effort to prove that this new method was feasible and effec- 
tive; but in 1880 our trustees became convinced of the advantages 
of this new departure in the methods of teaching engineering. I 
was sent to Europe to visit engineering schools and study what had 
been done there in this regard. I found that a considerable number 
of models and other material for illustrations were employed in the 
lower schools where geography and geometry especially, were largely 
taught by models somewhat in a kindergarten fasbion. 

In the Ecole des Arts et Métiers considerable progress had been 
made in the application of object lessons to the arts of handicrafts ; 
but only the famous Olivier models in descriptive geometry illus- 
trated the actual school practice of applying models to the elucida- 
tion of intricate mental conceptions. Laboratory work for engi- 
neering students, as we now understand it, was found nowhere in 
Europe. On the contrary, it was frowned down as unworthy of a 
place in the curriculum of engineering schools. I remember well 
the look of supercilious disgust on the face of M. Guillemain, then 
the director of the Ecole des Ponts et Chaussées, when I showed him 
photographs of some of our laboratories. He told me, ‘‘ You are 
making mechanics, not engineers, in American schools. Go to our 
museums and you will see what engineers have planned. The arti- 
sans who made the structures you find there are not engineers — 
they are mechanics, trained elsewhere, and have nothing in common 
with us.” In a few instances laboratories for the testing of mate- 
rials were conducted in Europe in connection with government 
work, but under methods that would not prove satisfactory under 
the usual policies of American schools. 

Laboratory work, which was also opposed by many American 
schools of engineering for a considerable time, has now become an 
ordinary and well-accepted method of teaching civil engineering all 
over the land; and even in France, we find to-day that M. Debray 
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is the professor and chief of the laboratories of the Ecole National 
des Ponts et Chaussées. However, the important work done by this 
laboratory recognizes a well-marked ranking difference between the 
permanent trained assistant, who is a machine obeving orders, and 
the director of the experiments, who does no manual work himself ; 
and nowhere in Europe are these laboratories in regular and con- 
‘stant use by engineering students. At most, students or graduates 
‘are sometimes witnesses of some of the government experiments. 

_ As the result of studies abroad and what we had already accom- 
plished at home, in June, 1884, I made a requisition upon our 
trustees for the beginning of a hydraulic laboratory estimated to 
cost about eleven thousand dollars. Considerable progress was 
made towards obtaining a respectable amount of useful equip- 
ment; but it was not until quite recently that it became possible to 
bring before our trustees such a long list of unanswered hydraulic 
questions, of an importance so manifest that they took an active 
interest in this matter and appropriated a large amount of money to 
be devoted exclusively to hydraulic research. 

It is simple justice to state, for the encouragement of other institu- 
tions of learning, that this act of the trustees of my university will 
be hereafter considered as one of the most important landmarks in 
the history of advanced education in America. If such liberality and 
foresight have had no precedent in this or any other country, the 
example set by the existence of this hydraulic laboratory will prove 
to be the entering wedge that may lead the rich men of our generous 
land to find worthy uses for their wealth. There are indeed number- 
less engineering questions of great importance to mankind that will 
progress slowly, if at all, unless our men of wealth should become 
wise enough to build monuments like this laboratory for the admira- 
tion and improvement of posterity. These acts of generosity on the 
part of wealthy citizens are yearly growing more numerous, for our 
rich men understand that through these proofs of philanthropy their 
names are ennobled and their memories perpetuated in the manner 
which is freest from the accusation of ‘‘ vanity beyond the grave.” 
There is and can be no other feeling than gratitude and reverence 
towards such men as Harvard, Yale, Cornell, Sage, Carnegie, and a 
host of similar benefactors of the human race. 

It also seems probable that the foundation of such means of 
research in our universities must be laid by the rich men of our coun- 
try; for it is not likely that our government will undertake, as it 
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should, the task of directly fostering advanced education. Aside 
from the two military schools which the government supports most 
inadequately, and the magnificent land grants which Lincoln gave to 
the States in the darkest days of our Civil War, the government of 
the United States has done nothing for the advancement of the edu- 
cation of its leaders among the people. The proceeds of the land 
grants have been, with one or two exceptions, frittered away with- 
out adequate benefits resulting; and the government has left the 
important function of training our leaders to the several States, 
which, so far, have only cared for the threatened safety of our public 
schools. The signal progress made in this country in the higher 
branches of education is almost entirely due to private benefaction. 
The government of France spends yearly not far from fifty millions 
of dollars in its industrial and technical schools. The German gov- 
ernment spends over two hundred thousand dollars for every million 
and a half of the inhabitants of its city populations. Switzerland 
maintains at great expense a large technical school, and in addition, 
cantonal and municipal appropriations, contributed cheerfully, in- 
crease the efficiency of these schools. 

I am aware of the existence of schools in Europe that are believed 
to have splendid equipments ; for instance, the one at Potsdam, near 
Berlin, has often been cited as an example; but so far as I have 
learned, after diligent study and search on the spot, these schools, 
even to-day, contain material and equipment used largely to increase 
the personal reputation of the professors. The students have little 
to do with the use of the equipment, for learning purposes, except- 
ing, perhaps, in the mere handicraft and use of tools in the:mechan- 
ical and artisan schools. 

With us, our two national schools are very inadequately equipped, 
and their requirements for admission and instruction are far inferior 
to those of a very large number of private schools. While it is true 
that the government supports at Washington a considerable number 
of eminent investigaturs in scientific bureaus, these bureaus do no 
direct teaching, and many persons doubt that the results obtained 
are commensurate with. their cost. This is no doubt due to their 
imperfect and unco-related organizations, as well as to the evil influ- 
ences of bureaucracy and political corruption. 


In this country private and individual philanthropy have invested: 
at least three hundred millions of dollars for purposes which may be . 


elassified as aids to higher education. One of the most recent impor- 


200 HYDRAULIC LABORATORY. 


tant events in this direction is the creation of the Cornell University 
Hydraulic Laboratory, which could not be duplicated at any existing 
school without an expenditure of at least three million dollars; and 
it is still far from reaching its anticipated usefulness. In fact, it is 
as yet only an engine of huge possibilities, needing the wealth of 
working plant which can only come with time and with its own expe- 
tience. 

This laboratory is situated on Fall Creek, which flows along the 
northern limit of the university lands through a deep ravine, in a 
westerly direction, and finally discharges its waters into Cayuga Lake. 

Plate I represents the university campus, and shows its relation 
to the lake, which is about four hundred feet lower in elevation. Fall 
Creek gorge is directly behind the farthest buildings, and the labora- 
tory is within the woods on the extreme right of the picture. At 
this point the ravine suddenly broadens out and flattens upstream. 

The watershed of Fall Creek is at present under survey and 
improvement for storage purposes. It includes an area of about 120 
square miles and has a mean annual rainfall of something less than forty 
inches. The stream receives numerous tributaries from a variety of 
minor watersheds, which differ considerably from one another as to 
longitudinal grades, transverse slopes, and nature of the soil. A 
very accurate survey for hydrological purposes is being made of all 
these conditions, including the study of the resulting complications of 
the rainfall and flow over the various watersheds. -Suitable weirs 
and other apparatus are being placed upon this area with apparatus 
for making automatic records at the central office of the laboratory. 

A dam, curving upstream, has been thrown across the gorge to 
raise and collect the waters into a pool for storage purposes. The 
dam is made of concrete, arched in plan, but its section was designed 
as a gravity section. It is 156 feet long, and north of it the rock 
has been stripped and blasted so as to form a suitable spillway, capa- 
ble of passing any possible flood without injury to the dam or to the 
experimental canal. The dam is at present thirty feet high and is a 
foot higher than the spillway. The experimental canal is sixteen 
eet wide and about four hundred feet long, with a depth of water 
of about ten feet. The water can be let into it with a head of twenty 
feet. The canal extends upstream for a distance of about two hun- 
dred feet above the dam. It is differentiated from the pool above by 
its lateral walls, provided at the upper extremity with six gates. It 
is intended in the future to extend the canal several hundred feet 
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farther upstream within the lower end of the pond, and also to raise 
the dam ten feet. The water rights which previously limited the height 
of the dam have been recently purchased by the university, and an 
increase of ten feet upon the upper pool will give more than treble the 
present capacity of the impounded water, making a total of about 
150,000,000 cubic feet. The immense expense attending the works 
already accomplished made it desirable to fix upon the present dimen- 
sions of the dam; but provision has been made for the enlargement 
of the works as above indicated at a minimum expense, or, rather, 
with only the expense due to the actual additions to the laboratory. 

Plate II, Fig. 1, represents the Fall Creek gorge as it was before 
any work was done upon the hydraulic laboratory. In the fore- 
ground is the waterfall of about thirty-five or forty feet, known as 
Triphammer Falls, and directly above is seen the pump house which 
supplied the water to the campus. Above this is the old dam, which 
has now been removed. The woods directly back of the dam are 
upon an island ; the woods were burned and the island itself removed. 

Plate II, Fig. 2, represents the old dam. Back of it is the island 
and directly in front is the beginning of the excavation for the 
foundation of the new dam. The dam was built in benches in front, 
which retreated upstream, forming steps. The back of the dam is 
vertical. Like the old dam, it is built as an arch, but it is designed 
as a gravity section dam. 

Plate III, Fig. 1, shows the completed dam from the north end. The 
spillway is in the foreground, and the experimental canal is at the 
_ other end of the dam: The pipe seen issuing from the dam beyond 

the spillway is the 48-inch main, which is provided with a 24-inch 
gate for waste purposes. This main supplies power downstream for 
the shops of the university. It is proposed to extend the wall of 
the canal, which is four feet higher than the dam and extends about 
200 feet into the pond, for some 1,200 feet. 

Plate III, Fig. 2, represents the upper or east end of the canal fin- 
ished, with the head gates. The gates, of which there are six, move 
up and down with a rack and pinion, but the gate on the extreme 
right moves by a wheel and worm, to be provided with verniers, so 
as to regulate with great accuracy the flow from the gates. Upon 
‘the walls of the canal itself are rails which will carry a truck of 
special construction, moved by a suitable motor, and provided with 
chronographs and a variety of other devices to measure velocities, 
depths, etc. 


| 
| 
| 
i 
i 
j 
‘ q 
di 


202 HYDRAULIC LABORATORY. 


Plate IV, Fig. 1, shows the canal finished, looking west or down- 
stream, and gives an idea of the relative size of the canal. 

Plate IV, Fig. 2, shows the 6-foot standpipe completed, with a 
fixed stairway and hand rail attached to it. About halfway down 
are seen several connections for experiments upon pipes of various 
sizes and heads. Also at the bottom of this pipe is a 36-inch con- 
nection, to which can be attached piping horizontally for about 1,500 
feet, with gentle vertical and horizontal curves, until it reaches the 
level of the lake about 400 feet below the top of this pipe. This 
figure also shows one of the laboratory buildings built at the foot 
of the cliff, whose roof is pierced by the standpipe. This is not 
finished, and it is intended now to continue the walls upwards, 
not only to prevent the marring of the wild beauty of the scenery 
of this place, but to enable us to make jet and other experiments 
with quiescent air within the walls. 

Plate V, Fig. 1, shows the lower end of the canal, the standpipe, 
and the Triphammer Falls, with a flood discharge. 

Plate V, Fig. 2, shows the appearance of the canal throughout its 
length and lower end in February, 1899. The accumulation of ice 
during that winter was considerably larger than previously ob- 
served, and the stability of the work may be inferred from the fact 
that after the melting of the ice no apparent damage was discovered. 
Of course, much of the ice seen on the right-hand side will be in the 
future completely obliterated by cutting off the rock seepage and 
draining the ground at a suitable place. 

The following is a tentative program of the studies that it is. 
intended to carry on in connection with this laboratory : — 

1. Studies upon the dragging and suspending power of running 
water at various stages of its saturation with sediment, and of the 
conditions which affect these two distinct actions of water in motion. 

2. The effect of transverse, longitudinal, and submerged dams and 
weirs, under standard conditions, and under conditions modified at 
will by disturbing influences, covering many varieties of compli- 
cations. 

3. Study upon the corrections to be made in the beds of streams 
to give them the most suitable and stable longitudinal profile. — P : 

4. Study upon the mechanics of such rivers as ‘uild their minor 
beds higher than the bottom level of their major d. In this con- 
nection Major Leach’s recent paper on ‘* What the Mississippi is 
and what it needs” opens a promising field for investigation. 
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5. Study of ** Littoral Cordon Formation,” and of channels, bars, 
and deltas, and of the deposition of sediment from rivers entering 
into quiescent waters, and also against high tides. 

6. Study of the conditions affecting the length of the straight 
portions, and the degree of curvature of the bends of natural and 
artificial water courses, looking to securing permanence of channels 
and of depths of water, and problems relating to slack water 
navigation. 

7. Study upon the delivery and conditions of the watershed of 
the stream and its tributaries which feed this canal, with reference 
to the amount and kinds of suspended matter carried by floods, the 
interrelations of the floods of the tributary watersheds, and such 
studies as may prove useful for determining the coefticients of flood 
volume. proper lengths of dams and spillways, and height of floods 
over them, so as to perfect the formule for the delivery of water- 
sheds, if this be possible. The watershed of this stream covers 
about one hundred and twenty square miles of surface, which will be 
most carefully surveyed topographically, geologically, and hydro- 
logically. 

8. Experiments upon the rating of current meters; the motion of 
water in open channels, in pipes, under ice, and over weirs; and 
under variable conditions of velocity, size and material of con- 
duits, condition of surfaces, contractions, and grades. Studies on 
harbors and the defensive works of exposed coasts. 

9. Determination of the resistance to the motion of boats in 
canals in reference to their respective cross sections; limits of 
speed, effect of waves, etc. 

10. Experiments on water jets, which embrace a broad field for 
new work upon the forms of water-wheel buckets, fire protection, 
ratios of areas and forms of propellers, including water jet scouring 
and propulsion. 

11. Experiments on the tests, design, construction, and etliciency 
of water and other motors, including water meters and tachometers. 

12. Effects of the form and conditions of the surface of vessels 
upon their speed, motive power required, and ratios of velocities 
and resistances. 

The few investigations already made at this laboratory upon the 
single subject of weirs have opened many new fields for research, 
which seem to promise new and simpler scientific solutions for these 
important kinds of measurements. 


4 
| 
| 
j 
: 
' 


204 HYDRAULIC LABORATORY. 


The uses of this laboratory are not restricted simply to the study 
of hydraulic questions. For example, on the sanitary side, the 
relations that should exist between the grade of a sewer, its size, 
and the volume of flushing water required to produce a given effect, 
are almost entirely unknown. The work of S. H. Adams, recently 
published, does not supply the needs of hydraulicians with the 
required generality that the equipment of this laboratory may 
furnish. 

Many additional investigations in reference to sanitary engineer- 
ing are being studied. but to detail them seems unnecessary at 
present. They bear upon a better scientific foundation for engineer- 
ing biology, upon the preservation of standards of purity in water 
supplies, and upon proofs to be furnished in order to improve the 
personnel and widen the powers of our Boards of Health, whose 
labors, with very few exceptions, have proved most disappointing 
throughout the entire country ; in fact, this laboratory may be made 
to contribute to the development of the science of ‘*‘ Public Medi- 
cine,” which is as yet an unoccupied field urgently demanding its 
rights as a social factor of great importance. Also, this laboratory 
an count upon the aid and use of the large resources of the physi- 
eal, chemical, and biological laboratories of the university with 
their personnel, libraries, and equipment. 

The Hydraulic Laboratory has recently been engaged in some 
experiments for the United States Deep Water-Ways Commission, 
mainly upon the determination of coefficients to be employed for the 
delivery of water over weirs. + It is to be regretted that they were 
restricted to a repetition of Bazin’s experiments, although they were 
carried on beyond the heads employed by that distinguished 
experimenter. 

Several new questions to be studied, as soon as they can be 
reached, have been brought out from various parts of the world, 

. and it is to be hoped that members of this Association will refer to 
this laboratory any questions the solutions of which may be desired. 
In fact, this laboratory is entirely at the disposal of hydraulicians in 
‘this or any other country. Questions may be referred to it for solu- 
tion either by us or by their visiting engineers, who will be welcome 
‘to use the facilities of this laboratory to their full extent, and per- 
form any experiments they may desire. The only restriction that it 
-seems fair to impose is that important experiments under way for 
the time being may not be disturbed by new questions, or that we 
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may not be required to go to great expense, for it seems proper, in 
these cases, that the parties interested should bear their share of the 
expense; but in all questions of public or general utility, this 
laboratory intends to be generous with its personnel, resources, time, 
and equipment. 

The plans of this laboratory after they left my hands were placed 
in charge of Frank S. Washburn. C.E., of New York City, a 
graduate and trustee of Cornell University. The work of construc- 
tion'was under the direction of another graduate of the University, 
Dr. Elon H. Hooker, C.E., now Deputy Superintendent of Public 
Works of New York State. 

In July, 1898, the laboratory, in so far as it was then completed, 
was formally transferred to my care as part of the equipment of the 
College of Civil Engineering of Cornell University. Gardner S. 
Williams, late civil engineer to the Board of Water Commissioners 
of Detroit, was elected by the trustees as professor of experimental 
hydraulics, and is the engineer directly in charge of this laboratory 
and responsible for its work. 

Permit me, Mr. President, to repeat again the message I bring to 
this Association. If at present, or in the course of the practice of 
its members, there should arise any questions that might be de- 
termined, improved, or advanced by experimentation, I feel justi- 
fied, in the name of the authorities of Cornell University, to extend 
to you a truly cordial invitation to use this laboratory and avail 
yourselves of whatever advantages it may offer for these purposes, 
which are the only ones for which it exists. 

I may include with this invitation the statement that the college 
staff, among whom there are distinguished hydraulicians and engi- 
neers, will always be glad to aid any efforts to advance the progress 
of hydraulic science; and Professor Williams, the engineer in 
charge, you will find always ready to codperate with any one as to 
the arrangements and details of the work under his immediate care. 
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THE BUFFALO, N. Y., WATER WORKS. 


BY LOUIS H. KNAPP, ENGINEER, BUFFALO, N. Y. 


_ [Read September 15, 1899.]} 


. The city of Buffalo acquired by purchase the plant of the Buffalo 
Water Works Company in August, 1868, paying for the same the 
sum of $705,000. This amount was specified in the act of the 
legislature authorizing the city to construct and maintain a water 
works for the use of the city of Buffalo and its inhabitants. 

The plant of the private company consisted of: First, about 34 
mniles of pipe, as follows :— 


178,995 feet 


Second, one double Cornish Bull engine, made by I. P. Morris, of 
Philadelphia, in 1851, with a rated capacity of 4,000,000 gallons in 
24 hours, and one beam engine, made by the Shepard Iron Works of 
Buffalo, N. Y., in 1866, having a rated capacity of 6,000,000 gal- 
lons in 24 hours; total daily rated capacity of pumps, 10,000,000 
gallons. 

Third, a tunnel 4 feet in diameter and 330 feet long; and fourth, 
a reservoir of 11,000,000 gallons capacity, on Niagara Street. 

At the time of the purchase of the old works, a similar plant could 
have been constructed for about $500,000. These works have since 
been extended and improved to meet the demands of a rapidly grow- 
ing city, until they are now among the largest in the country; in 
fact, our pumping station is the largest in the world under a single 
roof. 

The following is a general description of the works : — 
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PUMPING STATION. 


The pumping station (Plate I, Figs. 1 and 2) is located on the 
Niagara River about two and one half miles from the City Hall, 
and contains the following machinery : — 


PUMPING ENGINES. 


Capacity Year 

in 24 Hours, - Makers. Description. Con- H.-P. 
No. Gallons. structed. 
—-'12,000,000 & Lake Erie Horizontal Compound 1872, 1898 430 
2 20,000,000 ” ” ” ” ” ” 1876, 1898 700 
3 20,000,000 ” 1882, 1898 700 
4 15,000,000 Holly (Gaskell) oe pe ' 1885 550 
5 20,000,000 ” ” ” ” 1888 700 
6 20,000,000 ” ” ” ” 1889 700 
7 20,000,000 ” ” ” ” 1892 700 
8 30,000,000 Lake Erie Triple Expansion 1896 =: 1,200 
9 30,000,000 ” ” » ” 1898 1,200 

187,000,000 Total, 6,880 

BOILERS. 


North Boiler House — 14 horizontal return-flue boilers, with smoke- 
less furnaces, 150 H.P. each—2,100 H.P. 
80 lbs. steam pressure. 

South Boiler House — 14 horizontal return-flue boilers, with smoke- 
less furnaces, 150 H.P. each—2,100 H.P. 
80 lbs. steam pressure. 
6 horizontal return-flue boilers, with smoke- 
less furnaces, 300 H.P. each —1,800 H.P. 
165 lbs. steam pressure. 


Total H.P., 6,000 


The station has an independent electric light plant for illuminating 
the buildings and grounds. 


TUNNELS, INLET PIER, AND ICE ELEVATORS. 


The water supply is received from the Niagara River through two 
tunnels, one of which has an area equivalent to that of a circle 6 
feet in diameter, while the other has the same area as a circle 9 feet 
in diameter. The tunnels are parallel and about 30 feet apart; 
they are unlined and entirely through rock. Both tunnels are about © 
1,000 feet in length and terminate in the center of the river about one 


i 
t 
i 
{ 
| 
T 


208 BUFFALO WATER WORKS. 


mile from Lake Erie. The river shafts are protected by an inlet 
pier of cut stone masonry, finished in 1874 (Plate II, Fig. 1). The 
average depth of the water at the pier is 15 feet and the bottoms of 
the intakes are 6 feet above the bottom of the river. The current 
at the inlet varies from eight to fourteen miles per hour, depending 
entirely upon the wind. 

During the winter months large fields of i ice are continually pass- 
ing down the river from Lake Erie, and to prevent the ice from enter- 
ing the intakes the latter are protected with shields of steel plates 
from ? inch to 1 inch in thickness. These shields project out from 
the pier 2 feet and extend down to within 2 feet of the bottom of 
the river. They are provided with gates opposite the intakes which are 
somewhat larger in area than the area of the intakes. When the 
ice is running, these gates are closed and the supply is then taken 
from below the shields. In all ordinary runs of ice this is effective 
and entirely prevents any ice from entering the shafts. 

There are times when the river is filled with ‘‘ slush ice,” extend- 
ing down to the bottom of the river. Then this enters the intakes 
and shafts in large quantities and has to be removed as soon as pos- 
sible. On the pier we have an ice elevator and also one at each shore 
shaft at the pumping station. The elevators at the shore shafts are 
shown in Plate II, Fig. 2. These elevators are placed upon a rigid 
framework extending 5 feet below the sills of the intakes and con- 
duits. They are operated by steam and have a double row of per- 
forated buckets working independently. The ice is elevated and 
discharged into the river or canal, according to the location, through 
chutes. 

The closing of the intakes on the inlet pier by anchor-ice is pre- 
vented by raising and lowering the gates in the sides of the shields 
and running the ice elevator, and by a liberal use of steam and hot 
water, which is furnished by the boiler on the pier. 

The conditions at Buffalo are peculiar and entirely different from 
those of any other city on the Lakes, and an uninterrupted supply of 
water during the winter months is only procured by constant care 
and watchfulness by the men on the pier and at the pumping station. 


DISTRIBUTION. 


The distribution system consists of 4774 miles of cast-iron pipe 
of the following sizes and lengths : — 
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Fre. 2. — Ick ELEVATORS AT SHORE SHAFT. 


Plate IT. 
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Fic. 1. — INLET PIER IN NIAGARA RIVER. 
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Plate III. 


Fic. 2. — HYDRANT WITH STEEL COVER. 
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Fig. 1. — BUFFALO HYDRANT. 
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200 feet 
218,916 feet 
16-inch..... ae 287,643 feet 
24-inch...... 15,642 feet 


2,520,887 feet 


The Buffalo hydrant, designed by the writer in 1882, is of the 
post type, and has a sole leather compression valve, 6-inch stand- 
pipe, one 4-inch and one 24-inch nozzle, and a 6-inch supply pipe 
(Plate III, Fig. 1). Where the hydrant is supplied from two 6-inch 
pipes at street crossings, an additional 4-inch nozzle is added. 
Where the hydrant is supplied by an 8-inch pipe, the standpipe is 8 
inches in diameter, with two 4-inch and one 2}-inch nozzles with 
independent valves. 

There are 4,620 hydrants for fire purposes, all made to a standard 
and interchangeable. In winter these hydrants are protected by a 
steel cover or case for the convenience of the fire department. 
(Plate III, Fig. 2). 

The number of valves in use is 6,758. The total number of serv- 
ice connections is 63,284. The total number of meters in use, mostly 
large sizes, is 1,014. 

The Fire Boat Pipe Line, constructed in 1897, is a 12-inch stand- 
ard pipe with screw and lead joints, having hydrants and call boxes. 
every 250 feet (Plate IV, Fig. 1). The length is 6,130 feet, the 
working pressure being 300 pounds per square inch; depth below 
the surface of pavement is 4 feet; capacity of pumps in the two 
boats is 10,000 gallons per minute. Each hydrant has four 34-inch 
nozzles with independent gates. 


_ RESERVOIR, 
The distributing reservoir, finished in 1893 (Plate 1V, Fig. 2), is 
located about in the center of the city, and covers an area of about. 
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20 acres. It has a capacity of 116,000,000 gallons. The elevation 
-of high water is 116.60 feet above the water in the Niagara River at 
the inlet pier, or 684.68 feet above mean tide at New York. 

For a detailed description of the reservoir, see Engineering News 
of January 10, 1891, page 26. 


VALUE OF WORKS. . 


The estimated value of the works is about $9,000,000. The bonded 
indebtedness is $3,811,882. 


CONSUMPTION. 


In 1868 the population of the city was 100,000, and the average 
-daily consumption-4,000,000 gallons, or a per capita consumption of 
40 gallons. In 1898, thirty years later, the population of the city 
was 400,000, and the average daily consumption 89,000,000 gallons, 
or a per capita consumption of 2224 gallons. 

‘The greatest amount of water pumped in twenty-four hours was on 
February 13 last, when the pumps registered 160,090,000 gallons, 
-or a per capita consumption of 400 gallons. 

The total amount of water pumped last year was 32,508,322,830 
gallons, of which 40 per cent. was pumped on the direct service, 70 
pounds pressure at the pumps, and 60 per cent. on the reservoir serv- 
ice, 50 pounds pressure at the pumps. 

The average pressure maintained in the city is about 30 pounds 
square inch. 


‘REVENUE. 


The annual amount received from all sources is about $700,000, of 
~which $101,446.52 is derived from the sale of 4,785,000,000 gallons 
-of water through meters. 


EXPENDITURES. . 
_ The $700,000 collected by the department is expended as follows : 


Salaries ..... $200,000 
Interest on bonds .......... 160,000 
Maintenance, repairs, and supplies....-. 50,000 

Extensions and improvements........-++- 236,000 


Total...» seve $700,000 
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CAPACITY. 


The capacity of the two tunnels is estimated at 350,000,000 gal- 
lons per day. The maximum capacity of the present engines is esti-' 
mated at 205,700,000 gallons per day. In round numbers, the 
capacity of the plant can be called 200,000,000 gallons per day. 


WATER RATES. 


Our meter rate to manufacturers is about two cents per 1,000 
gallons. There is no meter rate to domestic consumers. The 
domestic rates are adjusted as nearly as possible to an equivalent of 
five cents per 1,000 gallons. 


ADDITIONAL PUMPING STATION. 


Plans have been prepared and approved for an additional station, 
with a minimum capacity of 200,000,000 gallons per day. 

The proposed intake pier will be located in Lake Erie and will be 
of cut stone, provided with a receiving chamber and four gates, any 
one of which will exceed in area the area of the tunnel. The length 
of the tunnel will be 5,460 feet, and its cross section 1283 square 
feet, or nearly equal to a circle 13 feet in diameter. 

In a comparison of the Buffalo Water Works with those of 
Boston, we find that although the population of Boston exceeds that 
of Buffalo by 50 per cent., the amount of water supplied to Buffalo 
exceeds that supplied to Boston by 50 per cent. The cost of the 
Boston Water Works was three times that of the Buffalo Works. 
The revenue received at Boston is four times the amount received at 
Buffalo. The operating expenses, the mileage of pipe, and number of 
fixtures in Boston are about double those at Buffalo. 


DISCUSSION. 


Mr. Geo. B. Basserr. A method of collecting rates from the 
different city departments has been recently established in Buffalo, 
and I should like to have Mr. Knapp explain that, so that it can go 
upon the record. 

Mr. Knarr. We get from the fire department $20 for each 
hydrant, and we charge the public buildings, engine houses, school- 
houses, and places of that kind two cents per thousand gallons for the 
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water they use. The schoolhouses use a large amount, as the ventilat- 
ing apparatus is operated by water power. The meter rates are two 
cents per thousand gallons to manufacturers. We supply no water 
through meters unless the consumer pays $24 a year. We collected 
from the city for water last year $110,000, and next year it will 
probably be in the neighborhood of $125,000. 

Mr. J. C. Wuirner. I should like to ask Mr. Knapp whether 
this large per capita consumption of which he speaks is owing to the 
extensive use for manufacturing purposes, or whether it largely 
represents waste ? 

Mr. Knapp. We figure that 70 per cent. of the water pumped is 
wasted. 

Mr. Wuitney. And yet apparently you discourage the use of 
meters. 

Mr. Knapp. No, we do not. 

Mr. Wuirtney. I was thinking about the $24 minimum charge. 
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THE METHOD OF REMOVING ORGANISMS FROM THE 
WATER IN THE DISTRIBUTING RESERVOIR OF 
THE CITY OF SYRACUSE, N. Y. 


BY W. R. HILL, CHIEF ENGINEER AND SUPERINTENDENT. 
[Read September 13, 1899.) 


Before the American Water Works Association at Columbus last 
May, I read a paper entitled ‘*‘ How the Water Supply of the City of 
Syracuse Has Been Kept Free from an Unpleasant Taste.” The 
subject is such a simple one that there is not much left for me to tell 
you to-day, but I have concluded to say a few words, calling to your 
notice some things which I would like to have you observe while you 
are here. 

The source of our water supply is Skaneateles Lake, which is 
fifteen miles long, about a mile wide, and 350 feet deep. It is situated 
nineteen miles from the city, at an elevation of 466 feet above the 
Erie Canal. Our water is taken from the bottom of the lake, at a 
depth of 40 feet, about a mile and a quarter above the lower end of 
the lake. The water enters a crib connecting with a 54-inch supply 
pipe leading to the gate-house, from which we have a 30-inch cast- 
iron pipe to our distributing reservoir, which is situated at a point 
two miles from the center of the city, at an elevation of 221 feet. 
The water first reached the city from Skaneateles Lake in the month 
of July, 1894. It was then discharged into an old distributing reser- 
voir which had an earth bottom. There was nothing peculiar about 
the water during the year it was distributed from this reservoir. 

I would like to call your attention to the quality of our water. It 
is of excellent quality, clear, and of a bluish color. The greatest 
number of bacteria ever found in a cubic centimeter of our water is 
26, as the result of examinations made every month during the last 
three years. In the winter time there have been as low as three and 
four bacteria in a cubic centimeter, and Dr. May reports that no or- 
ganisms derived from fecal matter, no sewage nor disease-producing 
germs were found. The chemical analysis of our water shows it to 
be of excellent quality, the solids, volatile and organic, being only 
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four and one half parts per one hundred thousand, the chlorine .4, 
the free ammonia .00052, and the albuminoid .0036. . 

But in spite of this fact, about the middle of May, 1896, when 
we were taking the water from our new distributing reservoir, which 
was lined entirely with cement, or stone laid in cement, a complaint 
was received at our office that the water tasted bad. Well, as you 
know, such complaints are likely to be received at any time, and so 
I thought at first it was merely from some crank, and I paid no 
attention to it. But on the day following the receipt of the first 
complaint our telephone was kept pretty warm by people calling us 
up from different parts of the city and wanting to know what was 
the matter with the water that made it taste so bad. I tried it myself 
then, and found it was bad. I drank it after I was told about it. 
Upon going to the reservoir, I found the water in ‘it had a very dis- 
agreeable taste. Some might call it fishy, some might call it woody ; 
I don’t know what to term it. But the water coming from Skane- 
ateles Lake in our conduit line was free from any unpleasant taste 
whatever. 

I immediately caused the water from the lake to be turned into 
the distributing system, and emptied the pipes as quickly as I could 
by opening the hydrants on the outskirts of the city, and shut off 
the water from the distributing reservoir. I then emptied the reser- 
voir and as the water lowered, the taste, or rather the odor —I don’t 
know anything about the taste, because I don’t believe anybody 
tasted it —increased, and when we got down to the bottom of the 
reservoir the stench from it was almost unbearable. On the shores, 
where it would be driven by the prevailing winds, there was found 
a gelatinous substance perhaps a quarter of an inch thick, and when 
. this was uncovered by the lowering of the water it broke apart and 
curled up, looking like sheets of leather, and the stench from it was 
awful. In fact, people living off in the country, in the locality 
where we carted and dumped the stuff, came to my office and made 
complaints of the nuisance we were creating. 

I then had the reservoir thoroughly cleaned and refilled it, and 
there was no further trouble that year. But in the spring of the 
following year, being fearful that perhaps we might experience the 
same trouble again, I had the water closely watched each day, and 
about the middle of May fine black specks were noticed floating on 
the water close to the shore. I had some of those skimmed off, and 
while they had a little odor, perhaps of a fishy nature, it was nothing 


: 

1 

i] 

H 

a 

i 

i 

fi 

| 


HILL. 215 


very unpleasant or disagreeable, but in less than twenty-four hours 
the odor from this material was very strong. Continuing to watch 
the water closely every day, we found that these little specks were 
appearing on the side of the reservoir, close to the shore, where the 
wind would carry them. I had them skimmed off each day with a 
skimmer made of cheesecloth (see Plate I), and had the material 
taken quite a distance from the reservoir and buried. 

That year a yellow substance also appeared on the water, in addi- 
tion to these little black specks. It had the appearance of yellow 
corn meal floating on the water, and as the wind would carry the 
particles along they would form in little balls. The particles by 
themselves were so fine they would pass through cheesecloth, and 
we had to use a vessel to skim them off the water. That yellow stuff 
appeared for two years, but this year we have had very little of it, 
it appearing on only two days. 

I have sent some of the material to Mr. Whipple of the Mt. 
Prospect Laboratory, Brooklyn, and he tells me that it is pollen from 
pine trees, plant heads, insect scales, water mites, ete. I have had 
the water along the shores of the reservoir skimmed for the last three 
years, and we have had no trouble whatever from any unpleasant 
taste. It is a peculiar fact that the water in the lake has never had 
the bad taste at all, and why it should have appeared in our reservoir, 
I will leave it for you to guess. 

Now, on our trip to the lake to-morrow, I would like to have you 
notice particularly the shores, and you will see that they are free 
from any vegetable matter whatever, being composed almost entirely 
of shale rock or gravel.. Another matter which I would like to call 
to your notice, which you will have an opportunity to examine at the 
reservoir this afternoon, is this material, which we have been skim- 
ming off daily for the last three or four months. I take perhaps a 
teaspoonful of the solid matter and put it into a bottle of water and 
have it labeled with the date it was taken off, and I would like to 
have you notice the different appearance of the samples taken on 
different days. You will observe that tlie sample of the water taken 
on one day is yellow, on the next day it will be green, and on the 
next day perhaps it will be perfectly clear. 1 would like to call to 
your notice also the unpleasant taste — no, not the taste, I won't ask 
you to taste it— but the unpleasant odor from some of the bottles. 
And I may say here that the odor from what we are gathering at this 
‘time of the year is nothing like as unpleasant as from that which 
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was taken off earlier in the spring. We are now having the reservoir 
skimmed each day, beginning the work early in the morning, and we 
shall probably continue to do it through this month and perhaps into 
the middle of next month. As the man goes around with his skim- 
mer, it is almost impossible for him to notice anything on the water ; 
he may have to go perhaps two or three hundred feet before he gets 
anything that will appear upon the skimmer, but by working all day 
long he will collect perhaps eight quarts of the solid matter. 


DISCUSSION. 


PresipENT Forses. We would now be glad to hear from any one 
who has anything to say on the subject which has been presented by 
Mr. Hill. 

Mr. J. C. Hasxeitt. Mr. President, the subject of vegetable 
growths in waters is a very large one, it is quite a study in itself, 
and many water works have been driven to the establishment of bio- 
logical laboratories for the constant daily study of these phenomena, 
which, as Mr. Hill has suggested, sometimes change with great 
rapidity, so that samples taken at intervals of a week ur so are 
totally inadequate to show the nature of the changes which are taking 
place. I am a little disappointed not to learn from Mr. Hill the 
nature of the organisms which caused this odor which gave him so 
much trouble a few years ago. From the result of the examination 
which he has given of this scum, showing as it does that it is com- 
posed of miscellaneous débris, it would seem to me hardly likely to 
give rise to a generally offensive odor throughout the water. Material 
of that kind in a comparatively limited quantity of water will decom- 
pose and produce a bad odor; but the little insects and the débris 
from pine trees, and the other things which he mentioned, as far as 
my experience goes, are rather inert in large bodies of water, and 
are not likely to give rise to the odor he has described; and it would 
seem to me on the face of it that this material must be rather aside 
from the real cause of the trouble, and that there must have been some 
organism of quite a different nature present in large quantities in the 
water at that time to have given rise to the odor. I would like to ask 
Mr. Hill if he has made any observations at other times, and if he 
has looked for Asterionella or Anabeena, or anything of that sort dis- 
tributed through the water which might account for it. 
~ Mr. J. B. Fisn. I would like to ask Mr. Hill, or any other 
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gentleman, to tell me how he would class this substance of which 
Mr. Hill has spoken as curling up. I found it once in my reservoir, 
covering everything on the shore. It didn’t extend out beyond four 
feet in depth, but everything within that depth, even a twig that 
might be in the water, was covered with this jelly-like substance. I 
tried to preserve some of it to send to Professor Lee for his exami- 
nation, but it soon became so offensive that I had to throw it away. 
Does any gentleman know how to class that among the alge? I 
believe there are about 996 different species. 

Mr. Hix. I regret to say that I cannot give more light on the 
subject of what this material is. I will say this, that early in the 
spring I filled a half-gallon bottle nearly full of the solid matter and 
saturated it with water, and the odor was something awful. Professor 
Englehardt was in my office one day, and I showed it to him and 
asked him how many gallons of water he thought that would con- 
taminate. He held up his hands and said, ‘‘ Why, Mr. Hill, hun- 
dreds of thousands of gallons.” I think there is no doubt that a 
small quantity of this substance would contaminate a large body of 
water. 

THe Presipent. I would like to ask Mr. Hill if this skimming 
process is supposed to remove the spores of some kind of animal or 
plant, before they get a chance to grow, and thereby to prevent the 
plant or animal from developing. . 

Mr. Hirt. Yes, sir. 

THe PresipEeNt. Can any one in the room answer the question 
asked in relation to that jelly-like substance? I know from my own 
observation that it may come from several things, and you never can 
tell exactly what it has come from unless you have an opportunity 
to make a careful examination when the thing is there. Sometimes 
it may be fish spawn, or it may be snail spawn, and there are various 
kinds of jelly-like substances which do form on sticks and on stones 
and on a muddy bottom, aud the only way to determine the source 
of it is to get a sample and have it analyzed before it decomposes 
and breaks up. Perhaps some one in the room can tell more about 
it. I know Mr. Haskell can. 

Mr. Haskett. I have had quite a little experience with these 
jelly substances. I have seen masses as large as two feet in circum- 
ference rolled along in our canal as the water was running down. 
towards the pumping station. It might not be the same jelly-like 
substance which made this particular nuisance in Mr. ‘Hill’s reservoir, 


3 


218 REMOVING ORGANISMS FROM WATER. 


but I find in all cases the substance has a very pungent odor. I 
gathered some of it last Monday and took it to the laboratory to 
have it examined. I wouldn’t care to state what it is, because it 
had not been examined when I left home, and it is quite uncertain 
what it may turn out to be, but it had a very offensive odor. We 
have had this jelly substance in our water supply every year, more 
or less abundantly. I am not able to tell what causes the forma- 
tion of the substances of which Mr. Hill has spoken; and in con- 
sidering this matter of the skimming, it occurred to me that we 
don’t very fully understand it, because we don’t know how the 
water is taken from the reservoir down to the city supply. I 
should suppose that these substances would almost always be found 
at the leeward side of the pond. I know we find that these little 
organisms will sweep across our pond at the rate of a mile a day 
when the wind blows heavily. I have seen them on one side of the 
pond in the morning, and the next day I have seen them on the other 


side, and the water which was full of them the day before would 


contain none whatever then; and if the wind shifted they would go 
back again to the other side. Now, if the water was taken at a depth 
below the surface, organisms that were on the -surface would not 
affect the lower water, unless there was semething worse than an odor. 
The odor would not go down through the water, but it would escape 
into the air, anless the whole body of water was impregnated with the 
organisms. If we can skim our ponds so nicely that we are not going 
to get these alge odors in the water, it seems to me it is a pretty good 
thing. We have n’t been able to do anything of the sort with our ponds, 
although we have done more or less experimenting in that direction. 
We have found that we will get odors when certain organisms that cause 
them are in the water. Of course we know that a very small amount 
of a very pungent substance will go through a whole reservoir and con- 
taminate it. I should have been very much pleased if Mr. Hill could 
have told us that they had suspended the skimming process and had 
then found that the odor continued, for of course that would have 
been a proof that it was there and was something serious, and that 
the skimming was doing a valuable service. It is very evident. that 
at one time there was a bad odor there; but with such very pure 
water as there was in this lake, water that can be called absolutely 
pure, turned into a reservoir of solid masonry, and under the very 
best conditions possible, it does seem to me as though it hadn't 
been fully demonstrated to us that there would have been a bad 
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odor in the water this present year if there had been no skimming. 
I make this suggestion from the fact that if there isn’t more than a 
bucketful of skimmings obtained as the result of a day’s labor, and 
the water was taken in from the windward side, it does not seem to 
me as though the skimming would have cut any figure whatever. I 
simply make that as a suggestion, although I do hope that the skim- 
ming is a good thing. : 

Mr. Fish. We have two or three bodies of water in our works, 
and they have their seasons of fermentation, during which time there 
will rise to the surface that peculiar weed which grows up and decays. 
It appears very rapidly, and it will blow over to the leeward side of 
the pond, where it will be so thick that it would almost seem as if you 
could walk on it. But the moment you stir it, it dissipates itself all 
through the water, and is too fine to do anything with, except when 
it gets together in a mass. It would be almost impossible to skim it, 
and if Mr. Hill has any device which will work on that I would like 
to see it, for it seems to me that if it would work I could skim off a 
cartload at a time. One of our reservoirs in particular we have to 
abandon while it is going through this process of fermentation. We 
happen to be so situated, having two impounding reservoirs, that 
when one is bad we can shut it off and wait until it purifies itself. 
But we have something else which is even worse than this. Professor 
Lee tells us that we have germs which will grow in the pipes so that 
‘you may. start with artesian well water, as pure as you can possibly 
conceive of, as pure as Skaneateles Lake water, and after it has run 
three miles through the pipe it will be totally unfit for use. That is 
what he calls ‘‘ the devil of the alg,” and it actually grows in the 
pipes. In the winter time it does n’t appear, but in the summer, when 
the temperature gets to the proper height, it accumulates beyond all 
count. 

Mr. Atten Hazen. Do youremember the scientific name of ‘ the 
devil of the alge”? 

Mr. Fisn. I do not; he merely called it ‘* the devil of the alge.” 
You will find it in the report of the meeting of the American Water 
Works Association at Chicago, I think. 

Mr. H. C. Hopextns. I would like to ask Mr. Hill whether he 
has ever observed what is called blossoming in the water. 

Mr. Hitt. No, sir, I have not. 

Mr. Hopexins. I might say that I have had some experience in 
which the efficacy of skimming has been demonstrated. © The material 
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-as it appeared in the water was of a greenish color, a goud deal like 
~vegetable substance, and for three or four days there would be a very 
-strong odor, and then all at once it would disappear. I had under- 
-stood that that was quite common to find in the waters of our interior 
lakes, like Skaneateles Lake, and I supposed when I first heard of 
Mr. Hill’s plan of skimming that he had also discovered what I have 
been led to call blossoming. It is quite pronounced in some of the 
branches of Lake Ontario, and the growth is perhaps similar to what 
the gentleman who last spoke has described. It will grow to look 
something like water cress, and when you stir it up it is disseminated 
quickly. There does not seem to be much substance to it, although 
if it could be gathered together you could get out quite an amount 
-of it. 

Mr. Hitr. I would like to call to your notice the fact that this 
material, as we take it off from day to day, all has the same appear- 
-ance, or nearly the same, when first taken off; but after it has been 
kept for some time it changes into all sorts of different forms and 
-eolors, as you will be able to see in the bottles at the reservoir. 

Mr. Haskett. I would like to ask Mr. Hill if there have not 
been any microscopical examinations of the water. I think it is 
-always absolutely certain that you can find out what gives a peculiar 
taste or odor to a water. I know that scientific men claim they can 
tell you just what it comes from, and I haven’t any doubt that 
they can; and I do not question at all that at some well-conducted 
laboratory they can tell us exactly what we have got to combat in 
~any given case. We ought to know what we have got to fight against 
before we undertake to fight it. 

Mr. Hirt. I quite agree with Mr. Haskell that such examinations 
-as he suggests should be made, but to be of much value they should 
be made from day to day for quite a long period, and it would be 
necessary to have the examinations made of fresh material right here 
in the city ; and as yet I have not had an opportunity to have that 
done. 
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ON REMOVING ORGANISMS FROM WATER —A 
DISCUSSION. 


BY DR. FREDERICK 8. HOLLIS, BIOLOGIST, METROPOLITAN WATER 
WORKS. 


[Read December 13, 1899.) 


The paper presented by Mr. Hill at the convention last September 
‘is a very suggestive one. It is a recordof the fact that growths may 
occur without apparent cause and to an extent sufficient to render the 
water unfit for use in a reservoir supplied with pure water. 

It is to be regretted that the exact nature of the particular growth 
which caused the difficulty was not established beyond a doubt, as it 
is only by means of such definite information that we are enabled to 
use the knowledge gained from such experiences in a way to guard 
against future occurrences. The identity of such growths can be 
established with certainty only by a carefully conducted microscop- 
ical examination of the fresh material. As no definite information 
has been given concerning the nature of the growth which caused the 
difficulty in the distributing reservoir at Syracuse, it can be com- 
mented upon only in a general way; rather with a view to encourage 
a more careful examination in the future than to indicate the cause 
in this particular case. 

Very few, if any, waters exist which will not support a considera- 
ble growth of some form of microscopic organism, just as few soils 
exist that will not support a plant growth of some form, while the 
exact variety of microscopic organism which will thrive in a partic- 
ular water varies greatly according to the nature of the water and the 
season, as does the form of plant which will thrive on a particular 
soil. In agriculture and forestry advantage is taken of the capability 
of different soils in selecting most suitable crops, and sufficient knowl- 
_ edge has been gained already in the study of growths in water to 
enable us to judge in many cases what, within certain limits, may be 
expected. It is known as the result of experience that a pure, color - 
less ground water generally contains plant food in sufficient quantity 
to support a vigorous growth of vegetable life if exposed to the light, 
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or if the other conditions favorable for the support of such life are 
present. When the food supply of the water is thus converted into 
a vegetable growth, it becomes available food for other and higher 
forms of life. On account of this accumulation of food material, a 
storage reservoir commonly deteriorates from year to year as judged 
from the standpoint of microscopic organisms, even though it receives 
a comparatively pure water originally free from such growths. If 
the organisms of the different classes found in a new reservoir are 
plotted on a regular scale for each year from the time it is first filled, 
it will be seen that the variety of forms increases with each succes- 
sive year, and that the number of each class also increases. 

For that reason I believe that it is fortunate that in most supplies 
it is generally necessary to draw down the water of the reservoir 
regularly, which serves to remove the accumulated food material. 

In the study and care of a supply it must be remembered that 
these growths, both animal and vegetable, are, as a rule, delicate 
and dependent for a vigorous growth on the exact conditions of food 
supply, temperature, and light. If all the conditions are not favora- 
ble the growth will not assume proportions sufficient to cause trouble, 
although it may appear to a limited extent. I cannot emphasize too 


-much the fact, which I have mentioned before the members of this 


Association at other times, that the value of such examinations 
depends very largely on the personal study of the source by the biol- 


-ogist or chemist who is to make in the laboratory the examination of 


the samples collected, for it is only by such observation that one is 
enabled to judge of the conditions under which the growth is taking 


place. 
The process of removing material from the. surface of a water 


‘supply by skimming is certainly valuable in many cases, and is prac- 


tised to advantage, but is mainly useful in removing growths 
already established or which have begun to decay and are being 


‘brought to the surface by the attached bubbles of marsh gas, which 
‘is a product of decay. 


The successful removal of a large quantity of a growth of Anabens 


-which had thus risen to the surface and collected at one side of a 


body of water by the action of the wind came i: my notice this 


‘summer. 


The method of skimming should never, I slice be relied upon as 
a means of removing the cause of the growths of microscopic organ- 


-isms, as it would be inadequate in the case of those forms which are 
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most frequently the cause of serious trouble. The spores from 
which such forms originate are generally not present at the surface, 
and, even if they were, the method would fail to remove them on 
account of their minuteness. The rapid development of any partic- 
ular form is, as has been already stated, dependent upon the pres- 
ence of all the conditions favorable for its growth. Such favorable 

conditions are frequently brought about by the mixing or overturn of 
' the water of a reservoir by the action of the wind or through an 
increase of density of the water of the surface, due to change of 
temperature, thus bringing the accumulated food material from the 
bottom and making it available at a point where the other conditions 
favorable for growth are present. 

Such a rapid development is frequently spoken of as the ‘* working ” 
of the pond, and such working has been reported for growths of 
Clathrocystis, Anabeena, and Uroglena. In such cases the method 
of skimming the surface would clearly serve little purpose in remoy- 
ing the cause of the growth. 

By means of frequent microscopical examinations of the water 
during a period of growth, the zones or depths to which this par- 
ticular organism extends can be determined accurately, and it is 
common to have the conditions such that a perfectly good water can 
be drawn from depths not affected in a reservoir for a long time, and 
frequently for the entire period of growth of a form which is con- 
fined to a particular depth or zone. At no time since the establish- 
ment of the laboratory of the Metropolitan Water Works has the 
value of the work been more apparent than during the present year, 
when the limited rainfall has made the systematic economy of the 
water of the impounding reservoirs necessary ; and it has been neces- 
Sary in many cases to draw on certain reservoirs as far as possible 
before discontinuing their use on account of the presence of a 
growth. 


DISCUSSION. 


Mr. W. R. Hitt. Since the September meeting of this Associa- 
tion I have had further correspondence with Mr. G. C. Whipple in 
relation to an examination that he made, about the middle of June, 
1899, of a sample of material collected from the surface of the water 
in the distributing reservoir at Syracuse. He requested me to note 
that, in addition to pollen from pine trees, plant hairs, insect scales, 
insect larve, water mites, and other similar objects, re found stato- 
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blasts, or eggs of the Plumatella, and that he would expect the extra- 
neous substances to vary from time to time. 

In order to form a complete list of the scientific names of the 
organisms it would be necessary to make a microscopical examination 
each day for an entire season, and I fear that this information would 
be of little or no value to enable us to guard against their develop- 
ment, because of the fact that, like the vegetation from the soil and 
the insects in the air and earth, there are many different kinds, vary- 
ing wonderfully in their character as developed in their own particu- 
lar time. 

I doubt if any successful means could be devised to prevent their 
appearance except perhaps by covering the reservoir, or by regularly 
emptying and cleaning it, and refilling it with fresh water. If this 
latter method could be made effective, it must be acknowledged that 
it could not be done without considerable expense and a great waste 
of water at a season of the year when there is usually the greatest con- 
sumption, and when there would most likely be a scarcity of water. 

Dr. Hollis states : ‘* If the organisms of the different classes found 
in a new reservoir are plotted on a regular scale for each year from the 
time it is first filled, it will be seen that the variety of forms increases 
with each successive year and that the number of each class also 
increases.” This fact emphasizes the important and effectual results 
that have been obtained by skimming the water in the distributing 
reservoir at Syracuse. This reservoir was first filled with water 
about the middle of August, 1895. On the twentieth day of May, 


1896, or after a period of only nine months, the water became so foul 


that it was unfit for use. The reservoir was emptied and cleaned. 
On the tenth day of July, 1896, it was refilled with water, and after 
that the city was supplied from it. In the spring of 1897, after close 
observation, the organisms were first noticed and the method of 
skimming was then put into practice. Since then not even the slight- 
est disagreeable odor or taste has been observed in the water, nor 
has the reservoir been emptied, even though the variety and number 
of organisms are expected to increase from year to year. 

In this connection I would call to your notice the significant fact 
that fewer bacteria have been found since the water has been 
skimmed. In the years 1897, 1898, and 1899 the greatest numbers 
found in a cubic centimeter of water were 19, 20, and 22 respectively, 
while in the year 1896, 26 were found, and in the year 1888, in a 
sample of water taken from the lake, 39 were found. 
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Each day during this season I-have preserved a sample of the- 
organisms in a bottle of water, and it has been very interesting to- 
notice the many effects it has had upon the water, changing its color 
to green, yellow, pink, drab, and other shades. On some days the 
organisms would blacken the water, which on the following day 
would be clear and merely tinted. The odors changed from day to- 
day. The most disagreeable odor was from the matter collected in 
the spring. 

Mr. Whipple states that in his opinion it is quite doubtful whether 
the impurities taken from the surface of the water were the cause of 
the trouble, and that he would sooner think that it was due to some 
microscopic organisms which afterward disappeared. I think that if 
Mr. Whipple could make an examination of the substances taken 
early in the spring he would find organisms that would lead him to- 
change his opinion. 

I regret my inability to give a complete list of the names of the- 
organisms which have been skimmed from the surface of the reser- 
voir during the last three years. Nevertheless, they have been of 
such a character that when first taken from the water they had little 
or no odor, but after decomposition they have produced the most. 
foul, offensive, and disgusting odor imaginable. In the year 1896, 
when the reservoir had been in use but a short time, numerous com- 
plaints of a disagreeable taste and odor to the water were received. 
These objectionable phenomena have been conspicuously absent. 
during the last three seasons when the skimming process has been in 
operation, and I fail to see how their non-occurrence can be ascribed. 
to any other cause except to the precaution of skimming. 

Mr. R. S. Weston. I would ask Mr. Hill if he doesn’t think 
that weekly examinations of the water would reveal the character of 
the growths in it? Nearly all of the organisms which are found in 
water supplies require three or four days for their growth, life, and 
disappearance, and if weekly examinations were made they would 
pretty thoroughly cover the life period of most of the organisms. 

Mr. Hitt. I would say that perhaps you are right in that state- 
ment. 

Mr. J. C. Hasxett. Mr. President, I would like to ask Dr. 
Hollis if he could not tell us a little more explicitly about the effect. 
of drawing the water at varying depths; whether a better quality of 
water might not be obtained than by drawing from any — location, 
either at the top or at the bottom. 
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Mr. Haske.t. I would like to ask Mr. Hill if he has any idea 
about the bulk of a day’s or two days’ skimming; for the amount 
would have a good deal to do with the damage it would do to the 
water. 

Mr. Hitt. I should say we had taken as much as a peck of solid 
material off in a day. 

Mr. R. C. P. CoaeesHatt. Will you briefly describe the appara- 
tus you use? 

Mr. Hitt. It is an iron frame, about two feet in diameter, cov- 
ered with very fine cheesecloth. The man walks along the shore 
close to the edge, and gathers up what might appear to be foam ; he 
can see nothing on the water, but by constantly working over it he 
gets this material, and after it has been kept for twenty-four hours, 
either in water or in the open air or in a vessel of water without any 
cover at all, the stench from it is awful. In fact, the year we had 
the trouble, when we emptied and cleaned our reservoir, you could 
notice the smell a thousand feet away. 

Mr. Parker. Did n’t you, in your paper describing the trouble, 
Mr. Hill, write of a jelly-like growth which accumulated on the sides 
of the reservoir ? 

Mr. Hitz. Yes. 

Mr. Parker. May I ask you if that was offensive to the smell 
when collected on the reservoir? 

Mr. Hitt. Very offensive. 

Mr. Parker. By this process of skimming was this jelly-like 
growth removed ? 

Mr. Hitt. No. After the matter had decomposed it would form 
a jelly in the bottom of the bottle. 

Mr. Parker. Did the skimming remove any of this offensive 
jelly ? 

Mr. Hitt. No. We have not observed the jelly since the first 
year, when we first had the trouble and drew off the reservoir. Since 
that time we have noticed no jelly, and the reservoir has not been 
emptied since. 

Mr. Parker. Then you found the jelly after you had drawn down 
the water? 

Mr. Hitt. After we had drawn down the water, yes. 

Mr. Parker. Then you think it possible that that> jelly which 
was offensive in its smell might have existed in the water and not 


have been removed by your skimming? 
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Mr. Hut. I think in removing the organisms we removed the 
cause of the formation of that jelly. 

Dr. Houtts. I have had a little experience during the past sum- 
mer which has shown the difficulty of transporting these organisms. 
In one city, for which I had formerly made a study of the water 
supply, they were troubled with a growth of a species of Polyzoa, a 
form somewhat larger than those that commonly cause trouble in 
water supplies ; and while nothing was said about its giving any odor 
or taste to the water, it did cause considerable trouble in the meters. 
Samples have been sent to me at three different times for the purpose 
of having me examine and report upon them; but I have never 
received them through the mail the short distance which they came 
with the form of the organisms preserved. The jelly-like organism 
had entirely decomposed in transit, and only the sheath remained, 
from which I could judge that they were Polyzoa. 
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A RUMPUS IN COLLECTING METER RATES— CAUSES 
AND CONSEQUENCES. 


BY GEORGE F. CHACE, SUPERINTENDENT, TAUNTON, MASS. 


[Read December 13, 1899.]} 


At the annual meeting of June, 1889, when I had had one year’s 
experience in water works affairs, I had the honor to read before 
this Association a paper entitled ‘‘ Friction in Collecting Meter 
Rates.” I realize now, ten years later, that to some of my confréres 
who had been connected with water works management for a long 
period, my effusion at that time must have seemed to have that 
freshness, that guileless confidence in human nature, that sublime 
faith of the theorist who knows little of practice, which entertain 
me when I listen to the earnest, well-meaning exhortations and ad- 
vice of some good clergyman about the conduct of political affairs, 
—aclergyman who may be an excellent Greek scholar, an orator 
and a Christian, but who is profoundly ignorant of the practical 
difficulties of municipal government. 

The collection of meter rates in January, 1898, I am not likely to 
forget. The difficulties with which I then had to contend I think I 
can most clearly and concisely set before you, if I begin by stating 
that they led to the passage of the following order by the City 
Council on January 18: “ That the Joint Standing Committee on 
water be and are hereby authorized and directed to thoroughly in- 
vestigate the meter system of the Water Department and report to 
the City Council the result of their investigations; and it is further 
ordered that the Board of Water Commissioners furnish said com- 
mittee with all necessary information.” 

I prepared myself for the ordeal and appeared before the Joint 
Standing Committee on Water on February 16. To save repetition, 
I will here incorporate the communication which I read to this 
committee : — 

*¢ Taunton, February 16, 1898. 
Tae Mayor AnD GENTLEMEN OF THE JoInT StanpDING CoMMITTEE 
on WatTER: 

In accordance with the order passed by the City Council on 
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January 18, and the notice sent to the Water Commissioners of the 
meeting this evening, I appear before you in behalf of the Commis- 
sioners, to give you such information as lies in my power in regard 
to the meter svstem of the Water Department. 

November 30, 1887, the Water Department had in use 776 meters ; 
58 of these were classed as manufacturing meters, or meters of 
large consumers who paid quarterly rates, and 718 were called 
domestic meters. My own connection with the Water Department 
began April 1, 1888. Previous to that date, although the meters 
were read regularly once a month and a record of repairs kept upon 
sheets similar to these exhibited here, there was no regular and 
systematic testing of meters, and no means of ascertaining the 
history of any particular meter without examining many books and 
sheets. When consumers or the department desired a test, this was 
made by comparison with the record of a test meter, which was 
accurate to within one per cent. of actual flow. ; 

The meters were read by a man who was engaged most of the 
time upon service work. Repairs were made under the direction of 
the foreman, sometimes by himself, sometimes by a man set at the 
work by him, and sometimes a meter which was out of order was sent 
to the makers to be put in order by them. The work upon meters 
kept increasing from year to year. 

In April, 1889, the tank and scales which you see in the photo- 
graph here presented were purchased at an expense of $95.45, for 
the purpose of accurately testing meters, whenever an occasion re- 
quired. The tank will hold 36.74 cubic feet of water, or 274.83 
gallons, when level full. It was intended to hold conveniently 30 
cubic feet of water. 

It was the intention of the superintendent, after the purchase of 
this apparatus, that no new meter should ever be set without being 
tested in the shop. But, owing to a multiplicity of work, and the 
fact that no.one man had full charge of the meter business, this 
purpose was not fully carried out until April, 1893. . About eighty 
tests were made between April, 1889, and April, 1893. 

From April, 1889, to January 29, 1898, 4,818 tests have been 
made and recorded. As on an average two tests have been made to 
each meter, this means that we have tested about 2,400 meters. 
These meters have varied in size from four inch to three-eighths of 
an inch inlet and have included at least a dozen different styles of 


meter. 
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Since 1889 we have had one book which gives the history of 
every meter from the time it was first set. The record in this book 
shows when the meter was set, its reading when set, taken out, 
and reset, as well as the purpose for which it was removed and the 
service where it may be found ; and when worn out and thrown with 
the junk, this book shows that fact. 

Beginning with April, 1893, it was made the business of one man 
to look after meters. He was ordinarily supposed. to do nothing 
else but read meters, and see that they were tested when necessary 
and kept in order, and to set new meters. That the work might be 
done more thoroughly, it was soon found desirable, as the meters 
multiplied from year to year, to give him an assistant, and now, for 
several years, two men have been kept busy in the meter department. 

To give you an idea of the work, I may mention that in 1897, 
besides the monthly reading of 1,536 meters, these two men set 95 
new meters, each one of which had to be tested for at least two 
streams before setting, and took out 308 old meters, 77 of which 
were thrown in the dump and replaced by new meters; 21 were 
frozen; 15 were discontinued ; 62 were taken out; 10 were sent to 
the makers for repairs; 122 were repaired in the shop; and 226, 
after being tested and put in order, were reset upon the same 
service. 

The cost of maintenance of these 1,536 meters, including reading 
and repairing, has been about ninety-four cents per meter. 

Ordinarily, we do not have much trouble in the settlement of 
meter rates. It has been the custom for a number of years, as a 
matter of courtesy, to notify consumers when their apparent con- 
sumption is larger than usual. Consumers have come to regard 
these notices as a right. 

Until this year we have had only a few each January who grumbled 
at the size of their bills, and we have had occasion to make only a 
very few abatements, and these more for the sake of giving the con- 
sumer the benefit of the doubt than for any other reason. Of 
course, there will occasionally be a‘clerical error or mistake in the 
reading of a meter, and such errors we are always glad to rectify. 

In January, 1898, we had an unusual amount of trouble. To ex- 
plain the cause of this trouble is the principal reason why I am here 
to-night.. I noticed a year ago that the receipts from meters were 
much smaller than for the previous year. I attributed this, for the 
most part, to the depression in business, especially as I noticed the 
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quarterly meter rates for January, 1897, were much less than for 
January, 1896. But subsequent developments pointed out another 
cause. One gentleman called my attention to the fact that his bill 
was only ten dollars, when he had been paying from fifty to seventy. 
This led to an investigation, and I found that the young man who 
was supposed to read the meters had been known to skip some 
services snd put down a plausible reading on the book, so that I 
would think he had read the meter. Of course we had no further 
use for him. But he had been putting down readings which were 
too small. His last work was in January, 1897. When the correct 
readings were made in February, there was an apparently large con- 
sumption for January. The real fact was that what appeared to be 
a consumption for January, 1897, should have been spread over the 
previous year. 

I have already said that we had on November 30, 1897, 1,836 
meters in use; 150 of these paid quarterly rates. Of the remaining 
1,386, which we call domestic meters, 793, or about 67 per cent., 
were charged the $10 minimum rate; 593 were charged more than 
the minimum rate. Nearly half of the people who had these bills to 
pay claimed that their meter rate this year was excessive, and some 
of them protested vigorously against paying without some abate- 
ment. The Commissioners, knowing the cause of the difficulty, left 
it to my discretion to settle the bills as amicably as I could, in a 
manner as equitable as possible to both parties. 

The clerk who makes out the bills was alarmed at the large in- 
crease in the amounts of many of the bills, if made out according 
to the meter readings. I have no doubt the full amount as charged 
according to the readings, in most cases, belonged to the Water 
Department, although some of it should have been paid last year, 
and even in 1895, rather than to have so large a bill for January, 
1898. What I mean to say is, that, in many cases, where if the 
reading had been honestly returned, the bills for the past three years 
would have averaged, for example, $15, as a matter of fact, the 
consumer was charged $10 in January, 1896, $10 in 1897, and $25 
in 1898. The amount paid for the three years would be the same in 
both cases, but the consumer would naturally be alarmed at a 250 
per cent. increase in his rates for the payment of January, 1898. 

Under the circumstances, I thought the wisest way was to treat 
the apparently large consumption for January, 1897, as if it were a 
large leak, and, as we have sometimes done in cases of very large 
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leaks, divide with the consumer. Abatements were made upon that 
principle, and in many cases before the consumer had seen the orig- 
inal bill at all. Some rates we were able to settle on that basis. 
But the opposition was so strong and there were so many claimants 
for abatements that, finally, whenever the large bill was due to the 
big jump in January, 1897, I took the difference between the read- 
ings of February, 1897, and December, 1897, divided by ten, and 
multiplied by twelve, thus charging the consumer for the first two 
months of the year 1896-97 the average of the readings which had 
been correctly taken and recorded. 

This was the basis on which most of the abatements were made. 

Sometimes when the bill was still much larger than usual, and when 
the consumer was extremely persistent, for the sake of peace 
further concession was made, which in a very few instances 
amounted almost to a dicker. In some cases I could see no reason 
for any concession, and no abatement was made. 
_ The net result was 261 abatements out of 1,536 meter rates. The 
meter rate receipts for January, 1898, were, after all, $3,956.73 
larger than in January, 1897, and $875.17 larger than in January, 
1895. So that now, instead of falling off in receipts, as there was 
last year, we have for the three years a natural and steady increase, 
but unevenly distributed because of the facts I have mentioned. 

In many cases I had the meter tested, but although there was 
occasionally a small over-registration, the amount over at the most 
was a small part of the bill... In 161 cases where we had record of 
tests, over-registration of the meter would not entitle the consumers 
in all to more than $63.16, and if we subtract those cases where the 
registration was in favor of the consumer, not more than $30.38. 
That is an average of eighteen cents for each meter. The average 
of the 4,818 tests we have made is 0.7 of one per cent. in favor of 
the consumer. A meter will sometimes over-register when it con- 
tains a good deal of sediment, but only to a moderate degree. 

The trouble, then, is practically never with the meter when a con- 
sumer has a large bill. Either the water has gone through the 
meter or there has been a mistake in the reading. The latter is 
easily corrected. 

1 know, from actual experiment, that 25,000 gallons will pass 
through a 4-inch meter in twenty-four hours. Any consumption 
between nothing and 365 times 25,000 gallons is possible for a 
4-inch meter. It is absurd for a householder to expect, as some do, 
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always to keep his bill down to the minimum rate, even when he has 
two or three families, with all the chances of leaks and careless 
waste. 

Gentlemen, I am sorry we have had so much trouble, but an 
experience of ten years, with more than 2,000 meters, ought to be 
worth something. Men are not infallible. I must trust somebody. 
I cannot personally do the work of the whole Water Department. 
I will supervise it to the best of my ability, and endeavor to have as 
little friction as possible with the citizens of Taunton. I think you 
understand the chief cause of the meter rate excitement of the 
present year. 

In behalf of the Water Commissioners, 

Respectfully submitted, 
Gerorce F. Cuace, 
Superintendent.” 


After this communication had been read the committee cross- 
examined me at some length. They reserved their decision, and at 
a subsequent meeting summoned the Water Commissioners, who 
appeared with me and fully sustained the position I had assumed. 

The following is the report of the Joint Standing Committee 
under date of March 10, 1898 : — 


‘© CITY OF TAUNTON. 


In Board of Aldermen. The Committee on Water, acting 
under the instructions of the City Council, begs leave to submit the 
accompanying report : — 

In accordance with an order adopted by the City Council on 
January 18, 1898, directing the Joint Standing Committee on Water 
to thoroughly investigate the meter system of the Water Depart-. 
ment and report to the City Council the result of their investiga- 
tions, the committee have attended to their duty. They have sum- 
moned the Water Commissioners, together with the Superintendent 
of the Water Works, to appear before them, and have endeavored 
in every possible way to determine the cause of the increase in the 
size of the bills presented by the Water Commissioners, which 
caused considerable adverse criticism by the public at large... . 
The primary cause of the whole trouble we find to be the negligence 
of an employee of the department, whose duty it was to read the- 
meters. . . . In rectifying the trouble caused by a negligent em- 
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ployee, the Commissioners used the powers conferred upon them by 
ordinance and instructed the Superintendent to use his own discre- 
tion in settling the bills in a manner as equitable as possible to both 
parties. The instructions were given to the Superintendent on 
January 15, 1898, after some abatements had already been made. 
The committee, therefore, respectfully report that the primary cause 
of the large bills for 1897 was the negligence of an employee of the 
Water Department, and it seems surprising to the committee that 
the employee in question should cause so much trouble without the 
knowledge of the Commissioners or Superintendent. The adminis- 
tration of the affairs of the department are under the direct super- 
vision and control of the Water Commissioners. They have an 
indisputable right to make abatements, but the committee seriously 
question the methods employed. If a consumer used a certain 
amount of water, and there is no doubt as to the correctness of the 
meter, he should pay for it. If abatements are to be made they 
should be made by some established rule. It seems to the com- 
mittee that some plan ought to be devised which will prevent a repe- 
tition of similar occurrences. A careful perusal of the communica- 
tion of the Superintendent is recommended. 

(Signed) | Stanpine Committee on Warer.” 


This report was accepted in concurrence by the two branches of 
the City Government on the same evening. 

During 1898, by my direction. the clerk in the office looked over 
the readings of the various meters at the end of each month, and if 
in any case there was a consumption larger than the average for 
that particular service, the following form of letter was sent : — 


Mr. ‘© Taunton, Mass., —— 

Dear Sir, — Our meter inspector reports that the registration of 
your meter at —— Street shows a consumption of —— gallons for 
the month of ——-. We send this notice because the consumption 


is larger than the-average monthly use at this place. The depart- 
ment has not the slightest objection, but simply desires to have you 
aware of the facts, in case there might be leaks or other wastes 
going on without your knowledge. 
Please read the enclosed circular. 
Yours truly, Gerorce F: Guace, 
Clerk and Superintendent.” 
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The circular referred to was as follows : — 


‘© WATER RATES. 


Notices are sent each month to those consumers the reading of 
whose meters indicates a larger consumption than usual. This is 
done simply as an act of courtesy to the consumer, to save him 
from the expense of paying at the end of the year for undiscovered 
and prolonged waste of water, arising from any cause. It must be 
stated with emphasis that, in the experience of this department, 
large meter bills are never due to the fault of the meter. Meters 
when containing a coating of sediment upon the pistons sometimes 
register against the consumer, but only to a moderate degree. An 
occasional error in the reading is easily discovered and always cor- 
rects itself. With the above qualification, meters measure the water 
which goes through them, unless they have become worn and allow 
water to slip through without registration. If the readings, cor- 
rectly taken, show a large consumption, it is not an indication of 
‘something wrong with the meter,’ but that the water has been 
used or wasted. No man can guess how much water passes through 
the fixtures on his premises so accurately as a machine can record. 
This department is willing to test meters when a consumer distrusts 
the record, but from long experience the officials of the Water 
Department know beforehand that meters in the very worst cases 
will not over-register enough to account for a large bill, and the 
average of nearly 5,000 tests on record in this office favors the con- 


sumer and not the Water Department. 
Gerorce F. CuHace, 


Superintendent Taunton Water Works.” 


At the next annual collection of meter rates, January, 1899, I 
made a table of the parties with whom we had trouble in January, 
1898, with the amount of settlement in each case and the corre- 
sponding bill in 1899. I then looked up the tests of such of the 
meters in the several cases as had been recently tested, and caused 
tests to be made of those of which there was not a satisfactory 
record. I was then ready for business. 

Instead of the storm of the previous year, I bad only the stiff 
gale which usually blows on such occasions, and I was much relieved ~ 
when the crisis was over. 
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DISCUSSION. 


Mr. J. C. Giisert. I think we can all sympathize with our 
brother in his experiences in the collection of meter rates. I would 
like to mention a little experience I have had this last season. You 
will all remember that the years 1897 and 1898 were what we call 
wet years, and that consequently consumers did n’t use nearly the 
amount of water which they use in dryer years. But when we made 
out our bills last July we found that they ran very large, more than 
double the usual amount. The Superintendent and I had a consulta- 
tion, went over all the large bills, and then examined the meters per- 
sonally, and found that they read correctly. 

We knew that there was a storm coming, and we made all the 
preparations for it possible; yet we hardly realized with how 
much force it was coming. Many of the people declared that they 
knew a great deal more about how much water they had used than 
we did. Of course we had prepared ourselves for it as much as we 
could, and I put on as smiling a face as possible, although I never 
really felt that I could do what I heard Mr. Haskell once say he 
did — that when a man came into his office to pay a bill and was dis- 
satisfied, he didn’t feel that he had really done his duty unless he 
sent him away with a smiling countenance. I really never had the 
faculty to do that in all cases. 

Well, at this time 1 did my level best to explain matters satisfac- 
torily. There were cases where bills which were usually only two or 
three dollars ran up to ten, twelve, and fifteen, and the men would 
know that something must be wrong. After a while I made up my 
mind I would n’t have any further discussion, but if a man came in and 
found fault I would let him have his say, and then if he did n’t see fit 
to pay his bill 1 would let it stand to see if he would n’t cool off. 
Some men, on the other hand, knew they had used large quantities 
of water, and they expected to pay for it. It pleased them, and 
soon in all public places, men were joking each other about their 
water bills. 

We finally told some of those who complained that we would do 
this: we would take out the meter and test it, and if it over-regis- 
tered we would discount it, but if it was the other way they should 
pay the difference. But there was n’t one of them who dared agree 
to that, and the storm finally abated. We thought at one time that 
there would be an investigation, which we were all ready for, but it 
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passed over, and the most of the bills have been paid. A number of 
the largest consumers have held off up to this time, but I think they 
will all come into the fold before long. 

I know that the tests which we have made, like Mr. Chace’s, have 
shown that the trouble was not in the meters. When a man comes 
in and says he knows he has n’t used as much water as he used last 
year, he is talking about something he really does n’t know anything 
about. AsI have said many times, what is the use of having a 
meter if a man knows just how much water he uses each quarter? 
One thing we did tell those who complained was that if at the end of 
October, when we came to take the readings, the meters continued to 
register high, we would look into the matter further; but the Octo- 
ber bills were as a rule very small. Those people who had used the 
most water before used the least during the succeeding quarter, so 
that everybody at the present time seems to be pretty well satisfied. 
I think this is a subject we are all interested in, and I will say for 
the benefit of the gentlemen here who sell meters that I thoroughly 
believe in them, and I don’t believe the consumer gets cheated. If a 
meter does over-register it will be such a small amount that it never 
will do any one any harm. 


GLASGOW WATER WORKS. 


THE GLASGOW WATER WORKS. 


BY JAMES M. GALE, ENGINEER IN CHIEF, GLASGOW WATER WORKS. 
[ Read December 13, 1899.] 


The district from which Glasgow is supplied with water lies on the 
borders of the Perthshire Highlands, about thirty-three miles north 
from the city. It forms one of the sources of the river Teith, a 
tributary of the river Forth, which takes its rise in the hills near 
the top of Loch Lomond, and flows eastward by Stirling and Alloa 
to the Firth of Forth. The district embraces a chain of three lochs, 
of which Loch Katrine is the highest, Loch Achray comes next, 
and Loch Vennachar last, or lowest. Besides these there is Loch 
Drunkie, a small loch lying on the south side of Loch Vennachar, 


- and flowing into it. Loch Katrine is alone used for the supply to 


the city; Loch Achray is not used at all; and Loch Vennachar, 
with its subsidiary loch, Loch Drunkie, is used for supplying the 
compensation water to the river Teith. 

Loch Katrine lies at an elevation of 373 feet above the mean level 
of the sea, and the hills around it rise to a considerable height; 
those on the west and north of the watershed rise to 2,524 and 
2,839 feet, while Ben Venue, on the southeast, rises to 2,393 feet. 
The result of this, and of the proximity of the district to the west 
coast of Scotland which first receives the moist winds from the 
Atlantic, is a very considerable rainfall. (See Rainfall Observa- 
tions, Appendix II.) 

The area draining into Loch Katrine is 23,192 acres, or about 36. 
square miles, and the area of the loch itself is 3,150 acres, or about 
5 square miles, and over this area power has been given to draw 
12 feet vertical of water, which gives a storage capacity of 9,849,- 
000,000 gallons,* equal to 18.719 inches of rainfall over the drain- 
age area. In estimating the quantity of water this amount of storage 
would yield for the city, the summer of longest drought since 1853 
was taken, that being the date when rain gages were first planted 


*The gallons used in this paper are British Imperial gallons, equal to 1.2003 U. 8. 
gallons. 
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in this district. The longest drought, calculated from the quantity 
of water which flowed off the ground, proved to be that of 1869, and 
from the gagings then taken it was found that 65,000,000 gallons 
per day could be depended upon for the use of Glasgow, and 
5,000,000 gallons of compensation water in supplement of the 
quantity to be discharged from Loch Vennachar down the river 
Teith—in all 70,000,000 gallons per day. This rate of supply 
will absorb 48.5 inches of rainfall, and the number of days’ supply 
provided by the storage is 141. 

Loch Vennachar, which supplies the compensation water, is at an 
elevation of 269 feet above the sea. The drainage area tributary to 
this loch is 23,186 acres, almost exactly the same as that of Loch 
Katrine, making a total drainage area of about 72 square miles. 
The area of the water surface of Loch Vennachar is 1,025 acres, 
and of Loch Drunkie, 138 acres — together 1,163 acres, or nearly 
2 square miles. The power to draw water from Loch Vennachar is 
restricted to a vertical depth of 11 feet 9 inches, which gives a 
storage capacity of 2,589,000,000 gallons. Loch Drunkie has been 
raised 25 feet by an embankment, affording additional storage to the 
extent of 774,000,000 gallons. The quantity of water to be sent 
down the river Teith is 42,000,000 gallons per day. 

The works at the outlet of Loch Vennachar consist of a masonry 
dam and a new channel for the river, 2,100 feet long and 50 feet 
wide. The water is discharged by eleven arched openings, with 
sluices placed at different levels, four of which form fish passes. 
The top of the dam is roofed in and forms a sluice house for 
protecting the working gearing of the sluices. In continuation of 
the dam is a-waste weir, 150 feet wide, over which the floods pass, 
sometimes in large volume. 

The geological formation of the district which furnishes the water 
is the Silurian, which forms all the hills in the West Highlands, 
including Ben Lomond, Ben Ledi, Ben More, and Ben Vorlich. 
These hills are precipitous, very hard, almost insoluble, and. yield 
water of the very purest quality. It is altogether a wild, moun- 
tainous district, with no cultivated land, and sparsely inhabited, 
there being not more than a dozen houses within the watershed 
of Loch Katrine. Heather there is an abundance, but there are 
few extensive mosses. Loch Katrine itself is very deep — sound- 
ings have been got at a depth of 79 fathoms, or 474 feet — which 
has the effect of retaining the rainfall for more than. two years, and 
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thus affording ample time for subsidence and clarification. The 
water is very uniform in temperature, the lowest during the winter 
being 38°.1 at all depths ; and 57°.8 at the surface, falling to 45° at 
greater depths, during summer. The loch does not freeze during 
winter except at the shallow parts, while in summer the surface 
water is continually being mixed with the colder water from the 
greater depths, thus giving a supply of cool water in summer and of 
relatively warm water in winter. From observations by Dr. John 
Murray, F.R.S., with the tow-net, the number of minute organisms 
found in the deep Loch Katrine water are very much less, both in 
species and individuals, than in the shallow lochs in the vicinity, 
which have a higher temperature in summer. 

To preserve the high quality of the water, various agreements 
were made with the proprietors of the lands around the loch and 
confirmed by Act of Parliament in 1892, whereby they are prohibited 
from erecting any dwelling or other houses within the watershed ; 
and regulating the discharge from all existing houses, and of all 
steam and other boats on the loch, all of which matters are placed 
under the control of the Town Council of Glasgow. 

Such is a brief description of the district from which the water 
supply to Glasgow is drawn, and such are the means taken to secure 
it. The genius of Scott has thrown a never-fading romance around 
its beauties in ‘‘ The Lady of the Lake.” 


Let us now turn to Glasgow itself. It was in 1852, or forty-seven 
years ago, that the Town Council of the city of Glasgow resolved to 
have the water supply in their own hands. At that time the popula- 
tion was 360,000, and they were supplied by two water -companies 
—one, the Glasgow Water Company, which pumped its supply of 
water from the river Clyde, about three miles above Glasgow ; and 
the other, the Gorbals Water Company, which drew its supply by 
gravitation from a small stream called the Brock Burn, about six 
miles from Glasgow on the south side of the river. The quantity of 
water supplied by the two companies was about 14,000,000 gallons 
per day, or nearly 40 gallons (48 U. S. gallons) per head of the 
population. But the river Clyde had long ceased to be a proper 
source of supply. During floods it was much discolored with clay, 
which what filters the company had were quite unable to remove, 
and the water was polluted by the towns and villages which drained 
into it in the upper parts of the river. Both companies were bought 
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up by the corporation for annuities of £16,167 6s. Od. (about 
$78,680) for the proprietors of the Glasgow Company, and £10,800 
(about $52,560) for those of the Gorbals Company, which amounts 
form a perpetual charge upon the rates of the city. Upon the 
completion of the Loch Katrine Water Works, the works of the 
Glasgow Company were abandoned, so that they do not concern 
us further, but those of the Gorbals Company continue to supply 
about 4,500,000 gallons per day of very good water to the city, 
so that a short description of the works is necessary. 

The drainage area extends to 2,560 acres, and is entirely of trap 
which yields very fine water. The water generally has five or six 
grains of solids per Imperial gallon and has a hardness of 3.°2 on 
Dr. Clark’s scale. The company constructed three reservoirs upon 
this drainage area, having a capacity of 169,000,000 gallons, and two 
ranges of filter beds, having a united surface of 1.62 acres. The filters 
discharge into two clear water tanks of 5,125,000 gallons capacity, 
from which the water is conveyed to the city by a 24-inch main. 

The first Loch Katrine works were completed in the early part of 
1860. They included the works at Loch Vennachar and Loch 
Drunkie, which have not subsequently been altered, and a masonry 
dam across the outlet of Loch Katrine whereby a command over a 
depth of 7 feet of water was obtained. This dam had two fish 
passes and a waste weir, 100 feet wide, in continuation of the dam. 
The aqueduct, which was intended to convey 50,000,000 gallons per 
day and which begins about five miles up from the outlet, is 25.38 
miles long, is 8 feet wide and 8 feet high, with a semicircular top, 
and has a fall of 10 inches per mile, or one in 6,336. The aqueduct 
commences by a basin, in which there are sluices to regulate the 
discharge of the water, and strainers to keep out fish and leaves, and 
it terminates in the Mugdock Service Reservoir about seven miles 
from Glasgow, and at an elevation of 319 feet above the sea. On 
the aqueduct there are 70 distinct tunnels, upon which 44 vertical 
shafts were sunk to facilitate the driving. There are five extensive 
iron bridges of an aggregate length of 2,907 feet, and 20 masonry 
bridges over ravines and rivers, some 60 and 80 feet in height, with 
arches of 30 feet, 50 feet, and 90 feet span. At all the bridges 
overflow and discharge valves are provided. There are three 
valleys on the line which required to be crossed by siphon pipes 
with a total length of 3.61 miles. There are three lines of siphon 
pipes, two 48 inches and one 36 inches in diameter. 
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At the Mugdock Reservoir the water is discharged from the 
aqueduct into a basin with gage plates attached, where the quantity 
is gaged and computed. The reservoir has a water surface of 60 acres, 
a depth when full of 50 feet, and contains 548,000,000 gallons. From 
this reservoir the water passes into a well, where it is again strained 
— for there is no filtration —and from the straining well it enters 
four cast-iron pipes, each 36 inches in diameter, which convey - it 
to the city. 

The total cost.of these works up to May, 1882, including Parlia- 
mentary expenses, engineering, land, and distribution in the city 
and adjoining districts, was £1,295,622 (about $6,305,000). 

The first Loch Katrine works were completed in 1860, and only 
a few years had elapsed before it was found that the aqueduct would 
not discharge the 50,000,000 gallons per day which were expected 
from it. Darcy and Bazin’s Récherches Hydrauliques was published 
in 1865, in which it was proved that the nature of the surface of 
the channel had a controlling effect upon the quantity of water 
discharged ; and as the aqueduct was not lined where the rocks were 
sufficiently hard to stand the action of the water, a greater retarda- 
tion of the flow at these places was produced. In fact, the aqueduct 
would not discharge more than 42,000,000 gallons per day, and as 
it was not possible to stop the flow at the loch a sufficiently long 
time to widen the tunnels or to line them, an extensive new series of 
works was resolved upon. 

In 1885 the population supplied with water had increased to 
782,600.* and it was resolved to apply to Parliament for increased 
powers. A new aqueduct was the most pressing piece of work 
required, and as it was also the most expensive part of a new scheme, 
it was resolved to duplicate all the works and to design them for an 
ultimate supply of 100,000,000 gallons per day. The resources of 
Loch Katrine were not exhausted by withdrawing 50,000,000 gallons 
per. day from it, and the storage was accordingly increased from a 
depth of 7 feet to a depth of 12 feet, and the quantity of water 
for the supply of the city increased to 65,000,000 gallons per day, 
as described in the early part of the paper, while from the adjoining 
lochs additional water can be got when wanted. Loch Katrine is 
the lowest in level of the whole series of lochs, including Loch 
Arklet, Loch Doin, and Loch Voil, so that the additional water 
can be discharged into it. 


*See table of population supplied with water, Appendix I. 
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The raising of the level of the loch this additional 5 feet involved 
the construction of a new dam at the outlet, which dam will have 
eleven arched openings, with sluices at varying levels for the. dis- 
charge of flood water and for fish passes, and a waste weir 70 feet 
wide. Some miles of new road were also required. 

The works authorized by the Act of 1885 consisted, besides the 
raising of the loch, of a new aqueduct following nearly the line of 
the old one, but with some important deviations; a new service 
reservoir; and additional lines of mains from the new reservoir 
to the city. 

These works presented the unusual feature that their construction 
* could be spread over a lengthened period of time. The portions of 
the aqueduct which offered the greatest obstruction to the flow were 
first duplicated ; the storage at the lochs, the laying of the cast-iron 
pipes across the valleys, and between the reservoir and the city, 
could all be carried on from time to time as the demand for water 
increased; and special powers were asked and obtained from 
Parliament to carry this proposal into effect. 

The new aqueduct begins at the loch in a masonry basin, 
adjoining the present basin, with strainers fixed in it, and the 
present one will be raised in level to suit the raised level of the 
loch. 

In designing the new aqueduct, the best kind of bridge for 
carrying the water channel across the ravines on the line, especially 
those in the vicinity of Coulegarton and the Duchray water, had 
again to be considered. The early bridges were formed of cast 
and wrought iron troughs, and they vary in length from 372 feet to 
996 feet, with a total length of 2,907 feet. From being exposed 
to the atmospheric changes and from the necessity of frequent 
repainting, they were never considered very satisfactory, and it was 
resolved not to repeat them in the new aqueduct. By carrying the 
work almost entirely under ground, these elements of ultimate 
failure and the crossing of the valley of the Duchray water by 
siphon pipes would be avoided, and this was accordingly done, 
though it involved several long tunnels. The new aqueduct consists, 
therefore, of a series of tunnels; the water is kept at a nearly 
constant temperature, and the works are more permanent and 
enduring. At several points connections are made with the old 
aqueduct, which admitted of the new one being formed in sections 
and of isolating any section of either aqueduct for repairs. 
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The tunneling so freely resorted to has the effect of shortening 
the line by 1.767 miles, and as the total fall reckoned from the 
lowest level to which the water can be drawn in Loch Katrine to 
the Mugdock Reservoir is 38.58 feet, a fall of one in 5,500 in the 
tunnels and one in 960 for the siphon pipes across the valleys of 
the Endrick and the Blane was obtained. The new aqueduct is 
intended to discharge 70,000,000 gallons per day, which, with the old 
one reckoned at 40,000,000 gallons, makes a total of 110,000,000, 
out of which, and to admit of repairs on the aqueducts, the city is 
expected to receive a continuous supply of 100,000,000 gallons a 
day. Where the tunnels are not lined, they are 11 feet wide at the 
bottom and 12 feet wide at a height of 6 feet above the bottom, and 
9 feet high, the top being a segment of a circle. About 50 per cent. 
of the tunnels had to be lined with concrete, and there they are 9 
feet wide at the bottom and 10 feet wide below the springing of the 
arch. They are all concreted in the bottom with a versed sine of 
6 inches. So long as the concrete preserves its smooth surface, the 
discharge will exceed the calculated quantity of 70,000,000 gallons 
per day. All the prinéipal tunnels were driven by the aid of 
compressed air. 

The intention of keeping the aqueduct as far as possible under 
ground has been so far carried out that there are only five short 
aqueduct bridges on the whole line. These consist of an outer wall 
faced with granite or whinstone, and an inner wall, with a 4-inch 
air space between, and an arched top. The whole structure, with 
the exception of the stone facing, is of concrete. 

The Duchray valley has been avoided by the new aqueduct, but 
there still remained the Endrick valley, 2.425 miles wide, and the ‘ 
Blane valley, 0.675 mile wide, and these are crossed by double 
lines of cast-iron pipes, 48 inches in diameter. There will ultimately 
be four lines of pipes, but two were considered sufficient for the 
present. The thickness of the pipes varied from 14 inches to 
18 inches, according to the pressure they had to resist. The pipes 
were each 12 feet long and were cast with plain ends without 
sockets, and were jointed with steel collars hollowed out } inch 
inside to assist in holding the lead. There have been no burst 
ie pipes or leaking joints with these pipes. 

5 Three bridges were required in the Endrick valley — one across 
Ha a public road, another across a railway, and the third across the 
' _river Endrick, the last having a span of 84 feet. They consist 
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of steel web girders supported on masonry abutments; and are 
prepared for the additional pipes when required. 

The new service-reservoir is called the Craigmaddie Reservoir and 
adjoins the old service reservoir, and is at the same height above the 
sea. The ground to the east of the old reservoir seemed to afford a 
convenient site, though the length of the embankment was consider- 
able through its having to be enclosed on two sides in the form 
of a crescent. Extensive boring operations were carried out on the 
site, and these disclosed that below the surface covering of peat and 
sand there existed rock over the whole site. The rock was partly 
sandstone and partly whinstone. The whinstone, being in flows, 
was intended to be removed, but it was expected that the sandstone 
would be watertight, as no difficulty had been experienced in getting 
a thoroughly satisfactory foundation in the construction of the 
adjoining Mugdock Reservoir. 

The reservoir has a water surface of 88} acres with a depth of 
water available for the city of 40 feet,-and at that depth contains 
700,000,000 gallons. The embankment is 4,776 feet long, and 93 
feet high above the bed of a small stream which flowed through the 
site; it has a puddle wall in the middle, and slopes of 3 to 1 on 
the inside and 2 to 1 on the outside in the usual way. Operations 
were commenced by the diversion of a public road and of the small 
streams which rap through the middle of the reservoir, and afterwards 
the excavation of the puddle trench was taken in hand. The sand- 
stone was found to be much shattered by the whinstone which had 
been forced through it, and the sandstone rested upon a bed of 
shale, and this bed of shale had to be followed throughout. The 
trench was 22 feet deep at the end next the Mugdock Reservoir, but 
it gradually dipped till it was 193 feet deep. After working eighteen 
months, the first contractors resigned their contract, and the trench 
was ultimately completed at the cost of the Town Council. The 
amount of water encountered in the excavation was very consider- 
able, averaging from 400,000 to 450,000 gallons per day for nearly 
three years, and the greater part of this had to be raised 150 
feet. 

In the southerly portion of the trench the rock was sufficiently 
sound to stand without timbering, but towards the north it was 
much fissured and broken up by faults and required to be timbered. 
To avoid any risk of the sides of the trench collapsing, large — 
masses of rock were temporarily left in at intervals, and the 
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excavation carried on by tunneling below them. The trench at 
this place, for a time, had the appearance of a huge honeycomb. 

The total amount of rock excavation in the trench was 168,000 
cubic yards, and the total cost was about £90,000 ($438,000), 
including plant and pumping water. It took six years to complete 
the excavation, and to enable other portions of the work to be 
carried on'during that time, five concrete pillars were built across 
the trench as portions of it were cleared to the bottom to allow the 
puddle filling to proceed. One of the pillars is in the line of a 
tunnel, formed for the cleansing culvert out of the lowest part of 
the reservoir; and the pipes laid in it are bedded in the concrete 
where they cross the trench. 

The embankment contains in all 293,760 cubic yards of puddle, 
598,750 cubic yards of ordinary earthwork, 44,000 cubic yards of 
stone facing, and cost about £300,000 ($1,460,000). 

The inlet works consist of an aqueduct, 2,862 feet long, to 
convey 110,000,000 gallons of water per day into the reservoir, this 
being the capacity of both aqueducts from Loch Katrine, and a con- 
nection being made between the old and the new aqueducts so that 
the flow of either or both can be directed into either reservoir. ‘There 
is also a gage basin and a measuring pond. 

The outlet works, in addition to the cleansing culvert above 
referred to, consist of a valve tower, a straining well, and a 
discharge tunnel, 1,260 feet long, in which two 42-inch pipes have 
been laid for the supply of the city. 

In addition to the four 36-inch mains from the Mugdock Reservoir 
to the city, it is intended that there shall ultimately be four other 
mains from the Craigmaddie Reservoir, but only two have been laid 
in the meantime. Five bridges were required in the distance, which 
is nearly seven miles, three across railways, one across the Allander 
water, and one across the river Kelvin. The pipes are carried 
between steel web girders and the masonry abutments are prepared 
for the two additional lines. 

The amount expended on these additional works from May, 1882, 
to May, 1898, was £1,339,598 (about $6,519,000), including land 
and all charges as formerly detailed — making the total cost of the 
water works £2,635,220 (about $12,823,000). The sinking fund 
now amounts to £896,705 (about $4,364,000), and -it is Sues: 
augmented by £60, 000 ($292,000) per annum. 
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APPENDIX I. 
GLascow CoRPORATION WATER Works. 


Table showing the population supplied with water, and the con- 
sumption per head per day, at intervals of five years : — 


| CONSUMPTION PER HEAD PER Day. 
| Average | average quan- 
Population Yearly tity of water Domes- 
with water. y during cluding 
popula- trade _| Total. 
poses. 
as Gallons. Gallons. | Gallons. | Gallons. | Gallons. 
1861 | 436,901 hfe 18,264,864 | 2.87 | 2.95 | 35.99 | 41.81 
1866 | 501,200 dee 93,737,908 | 4.57 | 2.95 | 39.84 | 47.36 
1871 | 595,224 apr 29,595,657 | 5.96 | 3.60 | 40.16 | 49.72 
1876 | 694,548 pe 31,710,844 | 7.03 | 4.76 | 33.86 | 45.65 
1881 | 724,702 ave 37,329,237 | 9.43 | 5.29 | 36.79 | 51.51 
; 1886 | 796,965 Sa 40,813,815 | 9.74 | 5.48 | 35.99 | 51.21 
1891 | 845,564 oe 41,920,698 | 11.38 | 6.06 | 32.13 | 49.57 
1896 | 914,000 : 49,157,043 | 12.49 | 6.69 | 34.60 | 53.78 


Nore. — Quantities are in Imperial gallons of 277.274 cubic inches, or 1.20032 U. S. gal- 
lons. 
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252 COVERED RESERVOIRS. 


COVERED RESERVOIRS AND THEIR DESIGN. 


BY FREEMAN C. COFFIN, CIVIL ENGINEER, BOSTON, MASS. 
[Presented December 13, 1899.] 


The use of covered masonry reservoirs for the storage and dis- 
tribution of underground water is becoming so general, wherever 
the elevation and local conditions admit, that a brief consideration 
of the reservoirs of this class which have been built, a study of the 
elements which enter into the design, and an investigation of the 
cost of various sizes and depths of such reservoirs can hardly fail 
to be of interest. 

Standpipes, tanks, or metal structures of any description, although 
used for the same purpose as earth or masonry reservoirs, are of a 
nature so essentially different that further reference to them is un- 
necessary in this paper. The covered reservoir is in the line of 
natural evolution from the open distributing reservoir, to meet the 
requirement of exclusion of light from underground or filtered water, 
although the necessity of providing a roof or covering of some kind 
leads to a different disposition of materials. 


Some Existinc RESERVOIRS. 


In referring to reservoirs that have been built no attempt will be 
made to treat the subject exhaustively, nor to go to ancient history 
for examples. A few prominent types will be very briefly described. 


ENGLISH RESERVOIRS. 


In the Proceedings of the Institution of Civil Engineers, Vol. 
LXXIII, in the year 1883, Mr. William Morris describes a number 
of covered reservoirs built in England. In the discussion that fol- 
lows several others are described. Among them is nearly every 
type of roof covering that has since been built in this country. 
The arches of these roofs were all of the segmental barrel form. 
Their spans were from 7 to 17 feet in the clear, their rise from one- 
eighth to one-third of the span. In the earlier examples the arches 
were sprung from wrought iron girders, these in turn being sup- 
ported by cast iron pillars. In. later construction brick piers were 
substituted for the pillars, and later still brick lintel arches springing 
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from brick piers supported the main arches. No groined arches were 
included among these examples of reservoir vaulting. Although 
concrete is employed extensively in the construction of the res- 
ervoirs, it is used in the covering arches in only two instances. 
Except for the spandrel filling, they are of brick in the others. In 
the cases where concrete was used the clear spans were 12 feet, and 
the rise 24 feet in both. In one it was 9 inches thick at the crown 
and 18 at the skewback, in the other 10 and 20 inches respectively. 
But two of these reservoirs were circular in plan, the others being 
square or rectangular. In one of the circular ones the covering 
arches were concentric, and were supported on rings made of 12- 
inch iron I-beams resting upon brick piers. The other round reser- 
voir had a vaulting of unique design. It was 64 feet in diameter, 
constructed with nine radial arches springing from 12-inch I-beams, 
which rest upon a large cast iron column in the center and upon the 
outer walls. The iron girders have a slope of 4 feet from the center 
to the wall. The arches have a span of 22 feet and a rise of 4 feet 
at the wall; the crown is level, while the span and rise diminish to 
nothing at the center. The thickness of nearly all of the arches 
was about 8 inches, or two rings of brick laid on edge. 

The side walls were generally rather heavy. In one reservoir they 
were very light. These were of brick 14 inches thick, built in the 
form of vertical arches, with 10-foot span and a very slight rise. 
There was a brick buttress or pier at the springing of each arch. 
This form being designed to resist the pressure from the outside, it 
is evident that the inside pressure of the water was supported by 
the earth backing. These reservoirs are described in detail in the 
paper, and are illustrated by plates. English practice of that date 
is quite fully described in the paper and the discussion that follows. 


FRENCH RESERVOIRS. 


In a paper published in the Journal of the N. E. Water Works 
Association for September, 1888, Mr. Charles H. Swan describes 
some very interesting covered reservoirs in France. The following 
extract from his paper refers to one of the most striking features 
of the reservoir of Menilmontant: ‘‘The reservoir is covered by 
groined arches composed of two courses of bricks laid flat in 
cement. They rest upon pillars 60 centimeters (2 feet) square and 


6 meters’ (20 feet) between centers. . .. The brick arches are ~ 


about 8 centimeters (34 inches) in thickness, including the plaster- 
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ing. They were covered by a layer of earth and turf 40 centimeters 
(16 inches) thick.” 
AMERICAN RESERVOIRS. 


There are at present a number of covered reservoirs in this 
country. The following is a brief description of several of these: 


Newton Reservoir. 


One of the earliest of these was built for the water works of the 
city of Newton, Mass., in 1890 and 1891. It was designed and 
built by Mr. Albert F. Noyes, city engineer. It is about 125 feet 
wide by 175 feet long and 15 feet deep. The walls are of rubble 
masonry, laid in Rosendale cement mortar, about 74 feet thick at 
the bottom and 24 feet on top on two sides and 5 feet on the other 
two. The covering is of brick arches 4 inches thick, with a clear 
span of 10 feet and about 10 inches rise. The arches are supported 
by rows of lintel arches of brick, which rest upon brick piers 20 
inches square. The top of the arches is filled up level with concrete 
to a point 4 inches above the crown. Over this is a filling of earth 
about 24 feet thick. 


Brookline Reservoir. 


A covered reservoir was constracted for the water works of Brook- 
line, Mass., in 1892. It is about 92 feet square and 19 feet deep; 
its construction is similar to that at Newton, except that the walls 
and piers are heavier. A description of it is given in a paper read 
by the engineer, Mr. F. F. Forbes, past president of this Associa- 
tion, and published in the Journal of the N. E. Water Works Asso- 
ciation for March, 1894. These reservoirs are excellent examples 
of substantial construction. 


Franklin Reservoir. 


In the year 1891 Mr. F. L. Fuller, civil engineer, built a reservoir 
of admirable design and economical construction at Franklin, N. H. 
It is circular in plan, 70 feet in diameter and about 17 feet deep. The 
walls are of rubble masonry laid in Rosendale cement mortar, and are 
5 feet thick at the bottom and 24 feet at the top. The covering con- 
sists of two concentric brick arches and a central dome. The latter 
is 23 feet in diameter, with a rise of 3.25 feet. The arches have a 
clear span of 11 feet, and rise 1.50 feet; the thickness of the arches 
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and dome is 8 inches. They are supported by two rings of, lintel 
arches and the side walls; the piers of the lintels are of brick, 1 
foot square and 7 feet apart in the rings. The piers are much 
smaller for their load and length than it is customary to make them, 
and are certainly an interesting example of the extent to which 
ordinary practice can be departed from with success. Mr. Fuller 
has since built similar ones at Methuen and Winchendon, Mass. A 
description of this reservoir is given in the Journal of the N. E. 
Water Works Association, 1892, page 82. 


Waltham Supply Well. 


In the Journal of the N. E. Water Works Association for March, 
1894, there is an interesting description of the covering of a supply 
well at Waltham, Mass., by Mr. Frank P. Johnson, civil engineer. 
There are arches similar to those at Newton and Brookline; these 
have a clear span of 11.5 feet, rise of 1.92 feet, and are built of one 
4-inch ring of brickwork with no concrete filling over them. There 
is also a circular dome 40 feet in diameter, 7 feet rise, built of what 
were called Guastavino tiles 1 inch thick; there were three thick- 
nesses of these tiles in the domed covering. They foot at the skew- 
back on a metal ring, which resists the outward thrust. 


Wellesley Reservoir. 


During the summer Of 1898 the writer constructed some works 
for an additional supply of water for the town of Wellesley, Mass. 
The supply is an underground one, which was recommended by 
Mr. Desmond FitzGerald, past president of this Association, after a 
thorough investigation of all available sources. A covered reservoir 
of a capacity of 600,000 gallons was included in his recommenda- 
tions. Mr. FitzGerald acted as consulting engineer in the design 
and construction of the works. 

In designing the reservoir many types were considered, and it was 
finally decided to build it circular in plan, with a roof or covering of 
elliptic groined arches. It was first thought that such arches were 
not adapted to a circular reservoir, but further study showed that 
no real difficulties were involved. Designs for several depths were 
computed, and it was found that a depth of about 15 feet and 
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diameter of about 80 feet was more economical for the required 
capacity than a greater depth. The dimensions of the arches and 
piers finally adopted fixed the inside diameter at 82 feet, and the 
depth from the floor to the springing line of the arches was made 15 
feet. For a capacity of 600,000 gallons the water line is about 0.7 
feet above the springing line, and the overflow was fixed at that point. 
Material for concrete was more available than for rubble masonry, 
and the walls were therefore built of that; it was also decided to 
make the roof of concrete, as its cost is much less per yard than 


Fig. 1. — INTERIOR OF RESERVOIR SHOWING GROINED ARCHES. 


that of vbrickwork; and with the latter the thickness of the arches 
could not be made much less; besides this form of arch requires 
a great deal of cutting of the brick. The centering for concrete 
costs more, as it must be made tight and smooth; while that for 
brick can be made with a covering of narrow strips. Brick was 
chosen for the piers. The dimensions of the parts of the reser- 
voir as designed were as follows : — 
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Walls 15 feet high from floor to springing line, 2 feet thick for 5 
feet below the springing line, 2.67 feet in the next lower 5 feet, 3.33 
feet in the lowest section. Piers 15 feet total height, 2 feet square, 
with a base 2.67 feet square at bottom. Foundations of piers 3.5 
feet square, 1 foot deep. Roof arches 12 feet clear span, 2.5 feet 
rise, 0.5 feet thick at the crown, filled in level over the piers The 
material of the excavation was a tight, clayey hardpan with very lit- 
tle water in it; the floor was therefore made only 4 inches thick. A 
steel ring of channel section, weighing 32 pounds per foot, was set 
in the side walls just above the springing line. The earth filling over 
the concrete roof was designed as follows : six inches of clean gravel 
next the concrete for drainage, and to prevent freezing to the con- 
crete; this gravel went over the sides to the springing line, and was 
drained by several lines of 4-inch vitrified pipe, which discharged at 
the toe of the embankment. Over the gravel was 1 foot of earth from 
the excavation and then 6 inches of loam, making a total of 2 feet. 
The embankments were carried out at the level of the top to a point 
7 feet outside of the inside line of the wall, and thence to the natural 
surface with a slope of 2 to 1. 

The construction was executed as designed, with two exceptions. 
A great many bowlders were found in the excavation ; the specifica- 
tions provided that ‘‘ the lower part of the wall might be made of 
these stones if the engineer should so direct, in which case it is 
probable that the thickness of the wall will be increased.” This 
was done, and the wall made 4 feet thick at the bottom, or 8 inches 
thicker than designed, as shown in the folded plate. It was thought 
that it would not be possible to make as strong work with these 
bowlders as with concrete. The smooth, rounded stones were split, 
the rubble laid against forms and so carefully bedded in the mortar 
that the writer is of the opinion that it would have been perfectly safe 
to have used the thickness designed. The other change was in the 
thickness of the earth covering. There being a surplus of loam, it 
was put on 1 foot thick, instead of 6 inches. This made the total 
thickness of the earth 24 feet at the walls and 3 feet at the center. 

Portland cement was used throughout. That in the walls was the 
Brooks-Shoobridge brand; the vaulting was of Alsen, with the 
exception of about one hundred barrels of Atlas that was used 
because the Alsen could not be had in time. The concrete made of 
the Atlas seemed quite as good as the other. The number of parts 
of sand used to one part of cement were as follows: in rubble 
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masonry 23, in the concrete in the walls 3, in the vaulting 23. The 
proportion of screened gravel used in the concrete was such that 
the voids were slightly overfilled. It required approximately 1.1 
barrels of cement per cubic yard for the rubble masonry, 1.2 barrels 
for the concrete with three parts, and 1.3 for that with 24 parts of 
sand. These figures are based upon the total amount of each kind 
of work and the number of barrels used in that work. 

A ring made of channel iron, weighing 32 pounds per foot, was 
set in the side walls, with its bottom at the springing line of the roof 
arches. The bottom of the reservoir is covered with a floor of con- 
crete 4 inches thick. This floor and the side walls are finished with 
two coats of plaster; one about 3 inch thick, of mortar mixed in the 
proportion of 2 of sand and 1 of cement; this coat was leveled up, 
but not smoothed. The second coat was of neat cement, about 4 of an 
inch thick, thoroughly rubbed in and smoothed with trowels. There 
were a few places where the walls were moist from the pressure of 
the water on the outside, and some trouble was anticipated in mak- 
ing good work with the plastering; but very little was realized. 
and the work was in excellent condition when the reservoir was filled. 
The roof was not absolutely tight, and a very heavy rain coming on 
just as the plastering of a part of the floor was finished, there was 
some dropping of water in several places, which cut through the 
}-inch coat before it was hard and threw off a number of flakes. 
‘This made it necessary to plaster over a small portion of the floor. 
Twelve hours more of setting before the rain would have prevented 
this ; the expense was, however, but a few dollars. 

The centering for a roof of this type is an important and expen- 
sive factor in the work. Plans were made for centers that would 
each cover the space between four piers. The contractor believed 
that it would be better to reduce the size of the single centers, and, 
as he was not required to adopt the plans of the engineer if his own 
were satisfactory, he was allowed to use the smaller ones. The 
writer believes that the extra fitting caused by this change made the 
total cost of the centering much more than it would have been if 
the original plans had been followed. Whether this is so or not, 
the cost of the centers (if used but once), of the supporting timbers 
and the labor of erection and removal was about 224 cents per 
square foot for the inside area of the reservoir. The contractor's 
plan was to supply centers for one quarter section of the reservoir 
only, and put the roof on in such sections. This was assented to by 
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the engineer, with the provision that the heads of the piers should 
be thoroughly braced in each direction to the outside walls, and that 
if it was found necessary to have more centers in order to prevent 
delay they should be provided. Although a large saving in cost of 
centers would be made in this way, it is a mistaken policy, as it after- 
wards proved to be in this case. While it is quite possible to do the 
work in this way if the piers are braced and kept braced, there is a 
possibility that the braces may be removed without the knowledge of 
those who realize the danger of their removal, as happened here. 
When one half of the reservoir had been arched over, one quarter 
at a time, and the centers were being set for the third section, the 
center row of piers, or those supporting the outer edge of the 
finished half of the roof, were overturned, and the arches be- 
tween them and the next row fell, killing one man, breaking the 
leg of another, and slightly injuring two more. It was just after 
seven o’clock, and neither the contractor nor the inspector was 
present. It was found upon investigation that three or, as two of 
the carpenters testified, four out of five braces that resisted the 
thrust on this row of piers had been removed. It transpired after- 
wards that the braces had been removed from the first section in the 
same way, and the tensile strength of the concrete was sufficient to 
keep the arches intact. There was a greater load on the half sec- 
tion, as a portion of the covering had been put on. 

With the exception of this unfortunate accident, the work on the 
reservoir was very successfully carried out. The contractor, Mr. 
Donato Cuozzo, took a great personal interest in having the charac- 
ter of the work of the very best, and used every effort to make it 
so. When finished the reservoir was filled and allowed to stand for 
some weeks without any draft from it; there was practically no loss 
of water from it. The effect upon the water, as shown by a chem- 
ical analysis, of standing without change in this new reservoir was 
marked. The cause of this has never been explained. The results 
of the analyses on the preceding page (made by the State Board of 


-Health) show in what way it was affected. 


A plan and section of this reservoir is shown in the first folded 
plate. 

The reservoir has now been in use about fifteen months with 
satisfactory results. The final quantities, their contract price, and 
the total cost of the reservoir, aside from any expense caused by the 
accident, are given below : — 
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cubic yards earth $0.40 $1,378.48 

908.  Yrubble masonry...... .......-. --@ 3.10 960.38 
484.50 square ,, plastering wall @~.20 96.90 
438.60 cubic ,,* loam in place @ .20 87.72 
Setting pipes, gates, ete. 100.00 
Seeding and sodding ................ 60.00 
14S feet vitrified pipe. cece cece  .% 37.00 
Channel tron ring... coer 350.00 
Bracing, sheeting, and centers.-.........+seeeeeeeeeee 500.00 


In addition to the above there are the following items that were 
outside of the contract : — 


Cast iron pipe, special castings, gates and gate Seay eee 464.32 
Carpenter work on brick house for telemeter 138.93 
Telemeter transmitter and wiring .............. 70.80 
Sodding not done the first season, about...... 90.00 


Total of extra $4,193.95 


Tue Design oF CovERED RESERVOIRS AND WATER FILTERS. 


The controlling factors in the design of covered reservoirs for 
water or sewage and in that of the structure that contains the filter- 
ing materials or the filter bed in a water filter of the ‘‘ sand filtration 
type,” where the latter must be covered, are so similar that the 
design of both can very well be treated in the same paper. The 
following discussion of such design is intended to refer to both in 
so far as it relates to their common features. It will be readily 
perceived when the discussion refers to considerations peculiar to 
only one of the subjects, as, for instance, that in regard to the 
economic ratio of depth to area, which refers only to the reservoirs. 
For convenience, the word reservoir will be used in referring to the 
subject of the paper. 

The required capacity of the proposed reservoir having been 
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determined, which determination is independent of the design of the 
reservoir itself, its form is naturally the first question to be con- 
sidered. If the choice is not restricted by topography or property 
lines, either the square or circular form would naturally be chosen. 
Which of these is the more economical may depend upon local con- 
ditions, the relation of depth to area, or to other factors in the case. 
The natural inference is that the circular form would require less 
materials in its construction. Where land is expensive the square 
one might be the cheaper. The cost of each type under various 
conditions will be given in this paper. As the form departs from 
the square or the circle the cost increases for the same capacity, 
since the length of the side walls is greater in proportion to the 
inclosed area ; therefore economical design does not permit a depart- 
ure from these two forms except where it is rendered necessary by 
the shape of the lot or the topography of the ground. 

The relation of depth to area must next be determined; there 
seems to be nothing to indicate with any certainty what this ratio 
may be. The amount of excavation is about the same for any 
ratio; the cost of the roof, floor, and piers will increase directly with 
increasing area; the cost of the side walls increases about as the 
square root of the area. On the other hand, an increase in depth 
involves an increase in the cost of the walis, which is greater than 
that of their depth, owing to the increasing thickness of the bottom. 
In an absolutely scientific design the material in the piers will in- 
crease faster than their depth, due to the necessity of making their 
horizontal dimensions greater as their length increases. If not 
altogether impossible, it would be very difficult to construct a for- 
mula that would combine all of these factors and give the economic 
ratio. An endeavor will be made in this paper to provide a means 
of ascertaining this ratio for certain types of reservoirs without hav- 
ing recourse to the tedious method of designing and estimating 
upon several reservoirs of different dimensions. In the discussion of 
the design of a reservoir the several parts will be treated separately. 


ROOF, OR VAULTING. 


The design of the vaulting is more independent than that of the 
other parts, and their design is largely influenced by it; therefore 
the first consideration will be given to it. This paper is intended to 
treat wholly of masonry or imperishable construction, and no atten- 
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tion will be given to roofs of other types, although such may be 
quite satisfactory under some conditions. 

The choice of material for the arches is practically confined to 
two kinds. Brick is the material of which most of the covering 
arches have been made. The use of concrete is increasing rapidly 
at the present time, and, when properly made with Portland cement, 
it cannot be surpassed. Its cost per cubic yard is about one half 
that of brick masonry, and it is not necessary to use a greater 
quantity than of the latter. However, either makes an excellent 
yaulting, and the choice may often depend upon the local availability’ 
of the material. Concrete was used in the arches of the Wellesley 
reservoir, and in one built by Mr. F. L. Fuller for the State Hos- 
pital for Epileptics at Palmer, Mass. The vaulting of the filter beds 
built by Mr. Allen Hazen at Albany is also of the same material. 
A sewage reservoir built at Clinton by the Metropolitan Water Board 
is covered with concrete. As concrete can be placed in any form 
with little trouble, almost any type of arch may be selected. Con- | 
sideration must of course be given to the comparative difficulty of 
making the centers. 

Groined elliptic arches offer many advantages: the quantity of 
the material required is small; there is a clear head room in each 
direction, which is not the case with barrel arches; and the arrange- 
ment is good for ventilation. With groined arches both lintel arches 
and iron girders are avoided. This type was adopted by Mr. 
William Wheeler in the composite brick and concrete arches of the 
filter beds at Ashland, Wis., and Somersworth, N. H. It was also 
adopted for the concrete arches of the Wellesley and Clinton reser- 
voirs, and by Mr. Hazen for the Albany filters. The dimensions of 
the arches in the first two instances were as follows: clear span 
13.75 feet, rise 3.50 feet, thickness at crown about 5 inches, or the 
thickness of two bricks laid flatwise. By a curious coincidence, 
which was the result of independent study, the Wellesley and Albany 
arches have exactly the same dimensions, — namely, clear span 
12 feet, rise 2.50 feet, thickness at the crown 0.50 feet. In the 
Clinton reservoir the span and rise is the same, and the thickness of 
the crown is 1 foot. The thickness of the earth covering is about 
twice as great as in the other cases. This study of design will be 
limited to elliptical groined arch vaulting, with especial reference to 
the use of Portland cement concrete. 

The determination of the unit pressures is rather uncertain. 
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When built of concrete, and to a certain extent when built of brick 
in cement, an arch of this form is monolithic, and a portion of the 
internal stress is resisted by the tensile strength of the material, 
instead of being wholly in compression, as in a barrel arch. The 
stresses, in a section of the arch normal to the axis and in line with 
the piers, are probably compressive in so far as they are caused by 
the load upon that section. Since there is no diagonal rib or arch 
at the groin to carry the pressures caused by the load on the flanks 


Fig. 2. 


of the arches to the piers, these pressures must be distributed by 
the tensile strength of the material between the normal arch and a 
certain portion of the groin in a way that would seem to defy mathe- 
matical treatment. 

It is impossible, however, to secure a bond between new work 
and that already set, in which the adhesion of the new to the old is 
equal to the cohesion in the body of the material. In work of much 
extent such bonding cannot be avoided. Contraction cracks are 
also quite sure to occur in large areas of masonry. In view of 
these considerations, it is probably wise to neglect the tensile 
strength, or at least give but it little weight, and if any considera- 
tion is to be given to computed pressures, to calculate them approxi- 
mately, under the most unfavorable conditions. 

The load on the arches is their own weight, that of the earth 
covering, the water that it holds in saturation, ice and snow, and 
whatever load of people may come upon it. As a distributing reser- 
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voir is usually in a sightly place, the last item must be given due 
weight, unless thorough provision is made to exclude visitors. 

Fig. 2 shows a section, normal to its axis, of an arch with a clear 
span of 12 feet, rise of 2.50 feet, and thickness at crown of 0.50 
feet; also a graphical representation of the pressures in a unit 
section of 1 foot. These dimensions are taken as being identical 
with those of two recent examples actually built, and, with the excep- 
tion of the thickness, of one that is being built, and because there 
seem to be reasons for using about these dimensions. (The latter 
is opinion only, and cannot be demonstrated except by a great deal 
of work in designing and computing those of different dimensions 
and estimating their effect upon other parts of the reservoir. ) 

Table No. 1 gives the loads, and Table No. 2 gives the unit pres- 
sures at the different points of the arch shown in Fig. 2. 


TABLE No. 1. 


Loads on Normal Arch. 
Area of Wt.of Wt.of Wt.of Wt.of 


No. of Concrete, Concrete, Earth, Snowand People, Total Weight, 
Section. Sq. Ft. Lbs. Lbs. Ice, Lbs. Lbs. Lbs. ‘ons. 
0.52 78. 250 25 50 403 -202 
Boveccece 0.60 90 250 25 50 415 -207 
0.72 108 250 25 50 433 

0.97 145 250 25 50 470 235 
1.94 201 250 25 50 526 -263 
Geccieisee - 1.98 297 250 25 50 622 311 
Fsvedeons 2.25 337 187 19 38 581 -290 
Total load on one foot section of half-arch....... Rcgeeaadeke 1.724 


TABLE No. 2. 
Average Unit Pressures on Normal Arch. 


of Total of Average Unit 
Joint. Tons.” Sq. Ft. 
2.26 0.50 62.80 4.52 
iitGdnecedbccces 2.33 0.56 57.60 4.15 
| 0.59 57. 4.10 
0.62 56. 4.03 
2.67 0.70 . 53. 3.81 
9.90 1.33 30.20 2.18 


At crown....... 2.25 0.50 62.50 _ 4.50 


= 
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As the arch proper and the spandrel filling are one mass, in com- 
puting the pressures the extrados of the arch must be assumed. In 
Fig. 2 a thickness was found by trial in which the unit pressures — 
would nowhere exceed that at the crown, and in which the line of 
pressure would lie wholly within the middle third. The average unit 
pressure at the crown is 4.50 tons, and, as the line of pressure at this 


. point is one third of the thickness from the outside, if the material 


is considered as inelastic the maximum unit pressure will be twice 
the average, or 9 tons. This is probably the greatest pressure in 
the arch. The line of pressure is also at one third of the thickness 
from the soffit near the point called joint 5. At all other points 
the line of pressure is well within the middle third, and the maxi- 
mum pressures are less. There seems to be no way in which the 
unit pressures in the groin can be determined with much precision, 
as there is no separate rib or arch in which to compute them. If a 
width is assumed for a rib the pressures in it are modified by the 
tensile strength of the material of which it is a part ; this must prevent 
the result from being even approximately correct. The unit pres- 
sures at and near the groin are probably slightly in excess of those 
in the normal arch. This opinion is based upon some rough ap- 
proximations. It is, however, hardly worth while to make elaborate 
calculations to find these pressures; there are several examples of 
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this type of arch with a thickness of 6 inches at the crown in actual 
existence. If it is desired to make a saving in material from that 
required by this thickness, it will be better to depress the filling over 
the piers and leave the crown thickness 6 inches. The arches of 
the Albany filters were made with such a depression; this is shown 
by the dotted lines in Fig. 3. This depression was filled with clean 
gravel and drained into the filter by pipes set in the piers. These 
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pipes are also shown by dotted lines in Fig. 3. Where it is permis- 
sible to drain the water that seeps through the earth covering, to 
the inside, this is in some respects better than a flat surface; some 
concrete is saved without weakening the arch, and the drainage of 
the top of the vaulting is freer. 

The amount of material in cubic yards in vaulting when con- 
structed as shown in Fig. 3 is given in Diagram No. 1. This is 
designed to give the quantity within the inside lines of the side 
walls for different dimensions of square and circular reservoirs (24 
per cent. excess is allowed to cover variations). The cost per cubic 
yard of concrete in the vaulting is probably no greater than in other 
parts of the reservoir, if the cost of the centering is not included, 
but treated as a separate item. The cost of the centers, their sup- 
ports, and placing and removing them, is from 15 to 20 cents per 
square foot for the interior surface of the reservoir if it is all 
centered at once. If it can be centered and covered in sections 
the cost of centering will be greatly reduced. 


EXCAVATION AND EMBANKMENT. 
When it is possible to do so, as it usually is in a distributing 


reservoir, economy demands that the material from the excavation 
shall be approximately sufficient to make the embankment. For 


SPRING LING 


Fig. 4. 


ordinary conditions Fig. 4 shows a good design for the embankment 
of either a square or circular reservoir, or for a filter that is partially 
in embankment. 

Diagram No. 2 gives the quantities of excavation and embank- 
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ment in square and circular reservoirs of different depths and di- 
mensions. 

Trial computations to determine the elevation at which the exca- 
vation will balance the embankment are usually tedious. A few 
minutes’ work with Diagram No. 2 will determine this so nearly that 
one check computation will enable it to be fixed as nearly as it is 
possible to do. If the site is level the results from the diagram .are 
correct ; if it is not level, take the average elevation of the ground 
to be covered by the reservoir and its banks, and the result will be 
approximately correct. One exact computation will then show 
whether it should be raised or lowered a trifle. Ten per cent. is 
allowed in the diagram for shrinkage. The method of finding the 
elevation, or, in other words, the depth below the average of the 
surface, that the bottom of the reservoir should be placed is as 
follows: After the required horizontal dimension and total depth 
are determined, find on the lines of the diagram, which represent 
the diameter of a round reservoir, or the length of side of a square 
one, a depth of excavation and a height of embankment both of 
which fall upon the same horizontal line representing quantity in 
cubic yards, and together equal the total depth of the reservoir from 
the floor to the water line. Note. — When reading quantities in ex- 
cavation the scale for diameter or length of side must be read at the 
bottom of the diagram, this scale reading from right to left; while 
the dimensions must be read at the top when quantities in embank- 
ment are required, this scale reading from left to right. 

Generally more than one trial will be necessary to find a depth of 
excavation and height of embankment the sum-of which will just 
equal the total depth of the reservoir, somewhat as follows: If a 
proposed circular reservoir is to be 100 feet in diameter and 15 feet 
deep, assume for first trial that the depth of excavation will be 8 
feet. Then on the diagram at the left, for round reservoirs, find the 
intersection of line for 8 feet depth with that of 100 feet diameter ; 
read on the bottom scale. At this intersection the horizontal line 
has a value of 2,960 cubic yards. Following this line across to the 
line for 100 feet diameter on scale for embankment, read at the 
top, we find that value of the curve for embankment intersecting at 
this point is 6 feet below the water line. Therefore, the total depth 
of a reservoir that an excavation of 8 feet would provide embank- 
ment for is 8 plus 6, or 14 feet; but the required depth is 15 feet, 
and another trial must be made. Less than 1 foot must be added to 


q 
4 


COFFIN. 269 


the 8 feet of the first trial. Trying 8.6 feet as nearly as it can be 
read, following the same process as before, we find 3,160 yards of 
excavation and a trifle less than 6.5 feet for the embankment below 
the water line, making a total of practically 15 feet. Owing to the 
uncertainty in the actual shrinkage of any soil, a determination 
within one or two tenths of a foot is near enough for practical pur- 
poses. The actual amount of the embankment measured in place 
will, of course, be only 90 per cent. of that read from the diagram, 
as that includes the 10 per cent. for shrinkage. 

N. B. — Depth of reservoir or ‘‘ depth” when used in the diagram 
always means the depth of water from floor to high-water line. 

If the reservoir is located in a hollow, the excavation will be some- 
what less than the diagram gives, using the average elevation of the 
ground. If ona knoll, and probably if on a slope, it will be more. 
A trial location by the diagram and one check computation will 
enable the elevation to be fixed. If the reservoir is wholly in ex- 
cavation, the amount will be found on the diagram by using the 
depth from the surface to the inside bottom of the reservoir. 


SIDE WALLS. 


The side walls should be vertical, or nearly so, in order that the 
vaulting shall have to cover as little area as possible. The ordinary 
practice in the design of dams or retaining walls is not applicable 
to these walls. Being supported outside by the earth, they are not 
like a masonry dam. The thrust of the vaulting resists the ten- 
dency of the wall to rotate on its toe; therefore they are unlike 
retaining walls. If the masonry were homogeneous, the wall of a 
square or rectangular reservoir would act as a beam, with the roof 
and floor as supports ; but it is improbable that the bonding of the 
horizontal joints would be sufficiently good to prevent failure. 
When, however, the point of failure is reached, in order for it to 
proceed a crack or joint must open on the inside of the wall. If 
the material is assumed to be rigid, either the part of the wall above 
the break and the load upon it must be raised or the lower portion 
must be pressed into the earth with a force equal to the load above 
to allow the crack to open. In this case the moment of the exter- 
nal forces acting upon the wall is resisted by that of the weight with 
its lever arm. 

An examination of Fig. 5 makes it evident that the whole wall 
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must be raised, but, as one edge is supported, only one half of its 
weight resists forces tending to lift it; the weight of the half-arch 
of the roof with its load must also be raised. If it is assumed that 
the material is not rigid, but will be crushed or tend to be crushed 
on the edges on which the two parts rotate, the weight must still be 
raised ; but the lever arm of the weight will be shortened by so 
much of the thickness of the wall as will sustain the weight above 
the break without exceeding the strength of the material. In a 
reservoir that is to be emptied occasionally, the maximum outside 
pressure on the wall would be that due to water remaining in the 
earth behind the walls. With a reservoir partly in excavation the 
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height of this water could not exceed the high-water line of that 
inside, while in one wholly underground it might be at the surface, 
or even above it, if the site were occasionally flowed. The maxi- 
mum moment of this pressure, assuming that the water outside is 
at the springing line of the roof arches, is at one third of the height 
of the wall from the bottom ; its amount in foot-pounds is that due | 


‘to a load distributed in the form of a triangle, whose base is equal 


to the height of the wall, and whose altitude is equal to the height 
in feet into the weight of water per cubic foot. 
The foregoing refers to straight walls only; in the walls of round 
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reservoirs the outside pressure is resisted by the wall as an arch. 
If this pressure is assumed to be due to the water in the earth back- 
ing, it will be uniform all around, and the maximum pressure at any 
point will not exceed one half the product of the unit pressure by 
the diameter. The total pressure will increase with the depth and 
the diameter until dimensions are reached for which the thickness 
must equal that for straight walls. For greater dimensions they 
must be designed to meet the conditions of the latter. The thick- 
ness of the top of the wall is not governed by these considerations. 
The thrust of the roof will largely determine this thickness. On 
straight walls, as shown in Fig. 6, the horizontal thrust of the roof 
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is approximately 2.25 tons per lineal foot. Neglecting the adhesion 
of the mortar, there are two factors of resistance to this thrust, — 
that caused by the friction of the wall and its load on any joint or 
place in the wall where movement would take place, and that due to 
the embankment above such joint. With a thickness at the springing 
line of 24 feet, as shown in Fig. 6, the sum of these two elements 
of resistance, above a point in the wall where the resultant pressure 
of the arch and the wall above this point passes through the out- 
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side of the middle third, is about 1.9 times as great as the horizontal 
thrust of the roof, or there is a factor.of safety of nearly two. 

With circular walls in which the groined arch must be carried out 
to the wall at most points and can be at all, the average horizontal 
thrust is not so great as in straight ones, being about 1.75 tons per 
lineal foot. The resistance of the embankment above the springing 
line is about 2 tons, or 1.15 times the thrust. It is easy to increase 
this resistance by a ring of steel imbedded in the wall above the 
springing line; therefore it is not necessary to thicken the wall, as 
the roof exerts only a vertical pressure upon it. Its thickness will 
then be determined by the requirements of practical construction ; 
all of these will be met by a thickness of 2 feet at the springing line. 

The following are examples of existing walls with this type of 
roof. The first two have straight walls. Those of the filter beds 
at Ashland, Wis., are 2 feet thick at the top, and have a batter of 
about 1 in 10. These are either wholly in excavation or have an em- 
bankment 15 feet wide, supported by a braced pile trestle. The 
walls of the Albany filters are in embankment, are 24 feet thick at 
the top, and have'a batter of 1 in 10. For circular reservoirs, the 
walls of the Wellesley reservoir are 2 feet thick at the top, and 
those of the sewage reservoir at Clinton are 2 feet thick at the top 
and have a batter of 1 in 10. 

A steel ring was imbedded in the walls of the two last-named 
reservoirs. In the Wellesley reservoir, which was 82 feet in diame- 
ter, this ring was made of a channel weighing 32 pounds per foot. 
In the one at Clinton it is in three parts or rings of flat iron. This 
reservoir is 100 feet in diameter, and the total weight of the rings 
is 30 pounds per lineal foot. This seems to be a better arrangement 
of the steel than the channel section, as the joints or splices in the 
different rings can be ‘‘ staggered” and the loss of strength in the 
total section reduced to that in one ring; and it can probably be 
furnished and placed at a lower price per pound. 

Fig. 7 shows the arrangement of such rings in the section of the 
wall. The following table gives the required weight for reservoirs 
of various diameters per lineal foot and the total weight. The 
weights given are designed to provide a factor of safety of three in 
the resistance to the thrust of the vaulting, including the resistance 
of the earth embankment. Note. —In computing the resistance of 
the embankment and the wall to sliding a coefficient of friction of 
0.80 was taken for earth, and 0.65 for masonry. The weights in the 
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following table are also given on Diagram No. 1, which will give 
other diameters than those in the table : — 


TaBie No. 3. 
Weight of Steel Ring. 
Diameter in Weight in Lbs., Total Weight 
Feet. per Lineal Foot. in Lbs. 
17.4 3,280 


Formula for dimensions not in table: Weight per lineal foot = 0.29 
Diam. Total weight = 0.912 Diam.? 


In the above table 25 per cent. is allowed for splicing and rivets; 
therefore, to find the weight of the net cross-section take 80 per 
cent. of the above weights per lineal foot. 

In the construction of the walls satisfactory results can be 
secured by the use of either concrete or rubble masonry of sound 
angular stones of any sizes that are not large enough to go entirely 
through the wall. Exceedingly good work can be done with small 
stones by laying the face of the wall up to a form and bedding the 
stone thoroughly in the mortar without regard to bonding, making a 
coarse concrete in fact. All smooth, rounded stones should either 
be broken or thrown out. Portland cement should be used for this 
work, as it should be for all of the work in such reservoirs. Nat- 
ural cement may, of course, be used, but as strength is required 
rather than weight, the cost of equally satisfactory work will be 
greater than with Portland cement. The choice of concrete or 
rubble will probably depend upon the kind of material which is the 
most available. 

Diagram No. 3 gives the amount of masonry in the side walls of 
square and round reservoirs. This diagram is computed from the 
sections shown in Figs. 6 and 7, and includes all of the masonry 
from the under side of the foundation to the extreme top of the 
wall. ‘* Depth,” as before, means depth of water. These sections 
are sufficient for reservoirs of the dimensions given on the diagram, 
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and are uniform for all. They could perhaps be made lighter for 
the smaller sizes and depths of the round reservoirs if it was con- 
sidered desirable to do so. For preliminary estimates it is hardly 
worth while to make any changes from the quantities given on the 
diagrams. The following tables give the approximate unit pressures 
that the maximum outside pressures bring upon the masonry when 
calculated in the manner already indicated : — 


TaBLe No. 4. 
Straight Walls. 


Necessary Thickness ‘Thickness Total Max. Unit 
Weight of Length of Wallat Kemaining Pressure 


Height of Maximum Wall to be of Lever Point of to Resist on Tons per 
Wall. Moment. Raised. Arm. Max. Moment. Crushing. Masonry. Sq. 
Col. 1 2 8 5 =a, 
5 feet...... 0.180 2.62 0.07 2.80 2.73 2.40 0.88 
4.78 4.10 1.17 3.50 2.33 3.20 1.38 
11.25 4.80 2.35 3.80 1.45 3.80 2.62 
25 -++---22.00 5.60 393 420 0.27 4.30 16.00 


No. 5. 


Circular Walls at Depth of 25 Feet. 


Total Pressures Cross-section Maximum 
at Bottom on in Unit Pressure 
Section One Square _ per 
Diameter. Foot High. Feet. Square Foot. 
Cal. 3 
Col. 1 2 3 += 
19.5 tons 4.50 4.33 tons 
29.6 ,, 4.50 GAZ... 
TOO 39.05 ,, 4.50 8.67 
48.80 ,, 4.50 10.85 ,, 
58.50 ,, 4.50 13.00 ,, 
78.00 ,, 4.50 17.35 ,, 


Although the extreme pressures in the tables may be considered 
rather high for rubble and concrete, it must be remembered that they 
could only occur if the water in the earth backing remains at the 
high-water line until the reservoir is wholly emptied. This would 
be a rare condition in an embankment, and may be avoided entirely 
if desired. The method of doing this will be referred to hereafter. 

The pressure of the water in the reservoir tending to force the wall 
outward must be resisted by the earth backing, otherwise the wall 
would have to be designed asadam. If this were necessary, none 
of such walls that are existing to-day would have stood. If there is 
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a slight yielding in the earth, it is probably compensated by some 
elasticity in the masonry. It is of the utmost importance, however, 
that the backing be deposited in very thin layers and thoroughly 
rammed. If the nature of the excavation is such that it will stand 
vertically or nearly so until the wall can be built, it is desirable to 
make the lower part of the latter without batter or offset on the out- 
side to as high a point as possible and to lay the masonry solidly 
against the undisturbed earth. If the theory of the resistance of 
straight walls that is adopted in this paper is correct, they may be 
built with a vertical back from the point of maximum moment (at 
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one third of their height) to the bottom without loss of strength. 
Fig. 4 shows how circular walls may be built to secure a vertical 
line in the lower part of the wall; there will generally be no objec- 
tion to the interior offsets, and in filters they are desirable in order 
to avoid a direct line for the water to follow from top to bottom. 
There is one more factor to be considered in the design of straight 
walls; that is, the tendency of the wall to slide into the reservoir. 
Following the idea that the wall is a loaded beam, the tendency to 
slide must be met by a reaction at the top equal to one third, and 
at the bottom equal to two thirds of the total load on the wall. As- 
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suming water pressure at the back as before, the loads and reac- 
tions are as follows :— 
TaBLe No. 6. 


Reactions at Top and Bottom of Straight Walls. 


Height of Wall. Total Load. Reaction at Top. Reaction at Bottom. 
B 0.39 tons 0.13 tons 0.26 tons 
0.52 ,, 1.04 ,, 
1B 3.50 ,, 2.33 ,, 
QD 6.23. ,, 2.08 ,, 4.15 ,, 


There are three factors of resistance to sliding at the bottom of 
a wall such as shown in Fig. 6,— the friction of the wall on the 
earth, the resistance to compression of the concrete floor, and that of 
the earth inside of the foundation under the floor. With a floor 4 
inches thick and wall foundation 6 inches deep, with coefficient of 
friction of the wall on the earth of 0.65 and safe pressures on the 
earth and floor concrete of 24 and 10 tons per square foot, respec- 
tively, the total resistance for a unit section 1 foot long is given in 
Table No. 7:— 

TaBLe No. 7. 


Resistance to Sliding of the Bottom of Straight Wallis. 


Height Friction Resi Resi Total Reaction Excess of 
of Wall. on Earth. of Concrete. of Earth. Kesistance. at Bottom. Resistance. 
5 feet...... 1.76 3.33 1.25 6.34 0.26 6.08 tons 
10 ,, 2.27 3.33 1.25 6.85 1.04 ,, 
3.05 - 3.33 1.25 7.63 520 ,, 

4.62 3.33 1235 920 650 2.70 ,, 


These figures indicate that such walls under 25 feet in height will 
not fail by sliding at the bottom. They will not fail at the top if the 
thickness is sufficient to prevent shearing. The reaction at the top of 
a 25-foot wall is 3.25 tons. The section to be sheared in a wall 24 
feet thick at the top is 360 square inches per lineal foot, or a stress 
of about 19 pounds per square inch will result. There are no data on 
the shearing strength of concrete; it seems, however, that it must 
be greater than the tensile strength, and that the above must be a 
safe figure for that of good concrete or rubble in Portland cement. 
The above stresses occur only in a reservoir that is just emptied. 

Note. — As the thrust of the vaulting against the wall in the pro- 
posed design is but 2.25 tons per lineal foot, if the required reaction 
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at the top must exceed that amount in order to resist the outside 
pressure, the load on the vaulting must be made heavier and the 
vaulting stronger to provide the required reaction. 


PIERS. 


The maximum load upon each pier with the roof shown in Fig. 3 
is about 46 tons, the piers being 14 feet apart on centers in each 
direction. Piers can be built of either brick or concrete. The 
great majority of existing piers are of brick, very few of concrete 
being on record. There seem to be practical reasons for the use of 
brick. The amount of material is not large, and it is probable that 
the expense of making and setting forms fur concrete will make its 
cost as great in this class of work as that of brick. 

The allowable unit pressure for Portland cement brickwork is not 
definitely determined. Baker, in his book on ‘*‘ Masonry Construc- 
tion,” gives about 30 tons per square foot as a general estimate. 
Ina pier, however, the relative dimensions should be considered in 
its design. There is a wide diversity in practice, as shown by exist- 
ing examples. The following table gives the dimensions and unit 
pressures in several modern reservoirs : — 


No. 8. 


Dimensions of and Pressures on Piers. 


c Piers -—Roof Surface—. 
Section, Cross-section Area, Approx. Unit Multiplied 
Height, uare Divided by uare eight, Pressure, by Length 
Reservoir. Feet. ‘eet. the Height. ‘eet. Tons. Tons. of Pier. 
BEDS, occ ceccce 13.5 2.78 0.205 136 32. 11.5 155 
Brookline .......- 17.5 4.00 228 144 26.5 6.63 116 
Franklin.......... 16.5 1.00 061 90.5 20 20 330 
5.0 4.00 80 248 54 13.5 67.5 
Wellesley.......-. 12.25 4.00 325 196 51 12.75 156 
Albany .......-.- 7.5 2.78 370 187 41 14.75 111 
Clinton ..... toss FO 4.00 572 210 78 19.5 136 
posed ........ 7.0 2.78 398 196 46 16.55 116 


The height of piers given in the above table is not in every case 
the total height from the floor to the springing line, but the length 
between offsets. The piers in the first three cases had no offsets, but 
were uniform in size from top to bottom; in all of the others the 
bases of the piers were enlarged, and in the Clinton reservoir and 
the proposed design the top is also enlarged by offsets. It is very 
desirable to spread the base in order to distribute the strains over as 
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large an area of the top of the foundation as possible, so that it 
may be made thinner and still not overload the earth below. Where 
the unit pressures are high it is also desirable to spread the top of 
the piers, so that they may not be so great in the concrete at the 
springing line. A neat and economical design for piers has the 
body of the same size for all heights, and makes the offset portion at 
the botton (and at the top if desirable) longer as the total length 
of the pier increases, keeping the length of the body the same for 
all heights of reservoir. 

Fig. 8 shows a pier of this design. The body of.the pier is 20 
inches square, and for heights of 8.25 feet and over its length is 7 
feet. The base increases in height, but not in bottom area, as the 
pier is made longer. Diagram No. 4 gives the amount of brick- 
work in such piers for different sizes of round and square reservoirs. 
These quantities are based upon the areas of the reservoirs, and are 
not precisely correct for some dimensions, but are nearly enough so 
for preliminary estimates. The following table gives the exact 
amount for one pier, and, if closer results are desired than the dia- 
gram gives, the exact number of piers can be obtained from a plan 
and the quantities from the table used : — 


TaBLe No. 9. 
Brickwork in Piers of Various Heights from Floor to Water Line. 


Note. — This height is 1 foot greater than the actual length of the 
pier. 


Leight of Brickwork, Height of Brickwork, Height of Brickwork, 
Reservoir. Cubic Yds. Reservoir. Cubic Yds. Reservoir. Cubic Yds. 
1B gg 2.24 22 ogg 3.60 
10 yy 1.27 TZ 2.64 24 3.98 
1.45 IB yy 3.88 4.17 


Piers should be built of the best of brick, in respect to the quali- 
ties of hardness, homogeneity, and uniformity of shape and dimen- 
sions. They should be laid with absolutely full joints in Portland 
cement mortar as closely as the brick can be laid, and the joints 
neatly struck with a jointing tool. 
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PIER FOUNDATIONS. 


Pier foundations should be designed to transmit the pressure from 
the piers to the earth uniformly, with a unit pressure that is safe for 
the character of the ground. The following table is taken from 
Baker’s ‘‘ Masonry Construction ” : — 


No. 10. 


Safe Bearing Power of Soils. 
Tons per Sq. Ft. 


Kind of Material. Minimum. Maximum. 
Clay in thick beds, always dry....... 4 £6 
Clay in thick beds, moderately dry..........---..... 2 4 
Gravel and coarse sand, well cemented.............- 8 10 
Sand, compact and well cemented ............-...... 4 6 
Quicksand, alluvial soils, etc. 0. 1 


The soil in most sites of reservoirs for water supplies would {be as 
strong as sand, compact and well cemented, and could be loaded with 


4 tons per square foot. Sewage reservoirs and filter beds might often 
be on less secure foundation. Each case must be considered on its 
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merits. Having determined the horizontal dimensions by reference 
to the allowable unit pressure on the soil, the depth or thickness of 
the foundation depends upon its size and that of the bottom of the 
pier that rests upon it. The thickness will probably be sufficient if 
a line drawn from the outside edge of the bottom of the pier to the 
bottom edge of the foundation has a batter of not more than 1 to 
2; thus, if the foundation is 6 inches larger each way than the 
bottom of the pier, its thickness should be not less than 1 foot. 
With good Portland cement concrete this would distribute the pres- 
sure over the entire bottom of the foundation. From Diagram 
No. 1 the quantities may be taken for the pier foundations shown in 
Fig. 8, which were designed on the foregoing principles to carry the 
roof and the load that has been described. The estimated pressure 
on the soil in this case is about 3.8 tons. 


FLOOR. 


There should be a smooth concrete floor in all covered reservoirs. 
Its thickness is dependent upon the conditions of the particular 
reservoir. If the material in which it is built is such that there is 
little danger of outward leakage, and there is no likelihood of an 
upward water pressure to lift the floor when the reservoir is emptied, 
a thickness of 3 or 4 inches is sufficient. ‘The reservoirs at Brook- 
line, Newton, and Wellesley had floors 4 inches thick; the floor of 
the Ashland filter was 3 inches. If, on the contrary, the earth is 
pervious, and the movement of water when the reservoir is full will 
be away from it, the floor should be at least 6 inches thick. From his 
experience in the construction of and subsequent observation of a 
number of open reservoirs, and also from experiments on concrete of 
different thicknesses, the writer believes that with heads of 20 feet 
aud under, 6 inches of good Portland cement concrete is, or becomes 
in a short time, very effective in preventing seepage. It should be 
plastered or finished with rich cement mortar. An excellent method 
for floors is to finish the concrete as soon as it is rammed, before it 
begins to set, with mortar mixed for the purpose. If a surplus of 
water stands on the concrete after ramming, good work can be done 
by spreading dry cement on and working it to a smooth, close sur- 
face with trowels. The liability of separation and peeling off which 
exists in plastering that has been done after the concrete has set is 
thus avoided. 
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If, when the reservoir is emptied, there will be an upward pres- 
sure on the floor, it must be designed to resist it. For this purpose 
inverted arches may be used, designed to carry the estimated pres- 
sure to the piers. The roof arches may be reversed, or the feet of 
the piers given a greater spread and flat circular arches used. In 
designing to resist the upward pressure care must be taken that the 
weight of the reservoir and its earth covering is greater than that of 
the water displaced, to avoid flotation when it is empty. 

The Clinton reservoir is designed to resist this tendency to float, 
as it is anticipated that at certain seasons the outside water may 
stand above the reservoir and its earth covering. The latter is made 
44 feet thick to provide the necessary weight. The floor is a series 
of inverted arches. Where there is no sanitary objection, drainage 
can be arranged in such a way that there will be no upward pressure 
when the reservoir is drawn down. With a thin layer of clean 
gravel or broken stone, and underdrains if necessary, the water 
under the floor can be collected in a well, and through a pipe tightly 
set in the concrete floor be delivered into the reservoir when the 
pressure in the latter is less than that outside. An inward opening 
flap or check valve must be placed upon the pipe to prevent a loss 
of water from the reservoir. If drains were carried up the back of 
the wall, the pressure on the latter would also be relieved. 

This arrangement would be undesirable in a sewage or other reser- 
voir, the contents of which must be pumped or treated, as the 
amount would be increased by a flow from the outside. 


PLASTERING. 


To prevent leakage from the reservoir, and to secure a smooth 
surface that will be easy to clean, the inner face of the side walls 
should be plastered. The best results can be had with two coats, the 
first of mortar, 2 parts sand to 1 of cement, laid on as thick as it 
will stay, to even up the inequalities of the wall. This coat should 
not be smoothed. The last coat to be of neat cement } to } inch 
thick, thoroughly rubbed on with a trowel and nicely smoothed. If 
there is an outside pressure from water in the ground, it must be 
reduced by pumping during the plastering and until it is set. Under 
such conditions the outside should be plastered, if for any reason it 
is desirable to permanently exclude the ground water. 

Diagram No. 5 gives the number of square yards of the plaster- 
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ing on the walls of reservoirs of different dimensions. The depths 
for which the diagram is figured is that from the floor to the high- 
water line. 


MISCELLANEOUS ITEMS. 


There are a number of items that will vary in different reservoirs. 
Among these are the piping, gates, manholes, ventilators, ladders, 
and, if an automatic recording gage is used, a small building and 
the apparatus itself. The cost of these items will be from 7 to 12 
per cent. of the total. Seeding and sodding the top and slopes are 
included in the above. 


TOTAL COST OF RESERVOIRS. 


On the diagrams that accompany this paper are given the quan- 
tities of the material in the different parts of the reservoirs of the 
‘type described in the paper and shown on the sketches. With some 
of them there is a multiplying diagram by which the cost of such 
quantities at various prices per unit may be found. With the dia- 
grams an estimate of the quantity of material and the cost of a 
reservoir of any dimensions within the limits of the diagrams can 
be readily made that will be correct for this type. A slight change 
in design, as, for instance, different spacing of the piers or minor 
changes in the form of the parts, will not materially affect the 
estimate. 

For making preliminary estimates with even less work than the 
above entails, and for rapidly determining the economic ratio of 
depth to area for any desired capacity, Diagram No. 6 has been pre- 
pared for round reservoirs and Diagram No. 7 for square ones. These 
diagrams give the capacities in gallons and the cost in dollars for 
all of the dimensions within their limits. They were prepared by 
taking the sum of the cost of all of the items at the unit prices 
given in Table No. 11, and adding 10 per cent. to this sum for the 
miscellaneous items. The value of this diagram in finding the 
economic ratio of depth to horizontal dimensions is not limited to 
this type, as this ratio will be approximately the same for others. 
It is believed that it will be found useful in preliminary estimates 
for other types and at other unit prices by applying such corrections 


as the engineer believes to be necessary. 
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Taste No. 11. 
Unit Prices of Quantities in Covered Reservoirs. 


Barth excavation .........sccecccecceccccccccesccccce per cubic yard $0.50 
Rubble or concrete in walls, plier foundations and floors ,, i 5s CRO 
Plastering walls ....... » Square ,, -25 
Gravel on roof arches » Cubic. ,, 1.00 
Steel ring ............ per pound in place .05 
per square foot for total area of reservoir .15 


Table No. 12 gives the cost of reservoirs of certain capacities 
when built with economic dimensions. Caution. — As prices have 
risen materially since Diagrams 6 and 7 were prepared, it is probable 
that a percentage should be added to the results for present use. 

It is perhaps needless to caution the reader against using the 
designs or the quantities given in the paper unless the conditions 
are substantially similar to those described, or until proper modifica- 
tions are made. 


TaBie No. 12. 


Cost of Covered Reservoirs when Built with Economic Dimensions. 


Taken from Diagrams 6 and 7. 


Capacity. RouND RESERVOIRS. SQUARE RESERVOIRS. 
Gallons. Diam. Depth. Cost. Side. Depth. Cost. 
250,000........ 60 12 $4,700 §4.5 11 $4,800 
500,000. ...... 75 16 7,800 69.5 14 8,100 
750,000. ..-..-. 88 17 10,500 79.5 16 11,000 
1,000,000........ 98 18 12,850 88.5 17 13,550 
1,250,000...-. 106.5 19 15,200 99.5 17 16,050 
1,500,000.......- 115.5 19 17,550 106 18 18,400 
3,760,000........ 120 21 19,950 111.5 19 21,700 
2,000,000........ 125 22 22,000 118.5 19 22,900 
2,500,000.....-.. 134 24 26,200 130 20 27,300 
3,000,000........ 144 25 30,200 142.5 , 20 31,450 
4,000,000....... -*166 *25 37,900 153.5 23 39,500 
5,000,000. .... .. .*186 *25 45,600 *165 *25 47,400 


*These are not the economic dimensions. The diagram does not give 
» greater depths than 25 feet. Moderate departures may be made from the 
economic dimensions, in either direction, without greatly increasing the 
cost, as shown by the following table : — 


Cost of 1,500,600 Gallons Capacity with Different Dimensions. 


> Gallons. Diam. Depth. Cost. 
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ResErvork CoveRING OF CONCRETE AND STEEL. 


The successful use of concrete with steel imbedded within it in 
floors that are required to sustain heavy loads suggests that this 
method of construction might be used to advantage in the covering 
of reservoirs. The writer has made some investigations and inquiries 
that lead him to believe that, with a simple construction of piers 


COMBINED STEEL ANO CONCRETE 6" THICK. 


and a continuous sheet of concrete with steel imbedded in it, a 
thickness of 6 inches of first-class Portland cement concrete and 
a suitable arrangement of ‘‘expanded metal” will safely carry the 
ordinary load on the roof of a covered reservoir or filter, with a 
clear space of 10 or 12 feet between the piers. Fig. 9 shows a pos- 
sible arrangement in which the heads of the piers are enlarged, thus 
reducing the clear span. a 
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One advantage of this form of construction lies in the simplicity 
and economy of the centering required. 

It is estimated that, at the present prices, the cost of the ex- 
panded metal is about 74 cents per square foot for the area covered. 
The concrete. the cost of which would probably not exceed $7 per 
cubic yard in place, including the centering or forms, would cost 
about 13 cents per square foot, making a total of 20 or 21 cents, 
while the arched vaulting costs from 30 to 35 cents per square foot. 
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PROCEEDINGS. 


QuaRTERLY MEETING. 


Youne’s Hotei, Boston, December 13, 1899. 


President Cook in the chair. 
The following members and guests were present : — 


MEMBERS. 


Charles H. Baldwin, Lewis M. Bancroft, Roland D. Barnes, R. S. Bart- 
lett, James W. Blackmer, E. C. Brooks, Fred Brooks, George A. P. Buck- 
man, George Cassell, John T. Cavanagh, George F. Chace, Charles E. 
Chandler, G. L. Chapin, John C. Chase, William F. Codd, Freeman .C. Cof- 
fin, R. C. P. Coggeshall, Byron I. Cook, Henry A. Cook, J. W. Crawford, 
-Arthur W. Dean, Charles H. Eglee, Loring N. Farnham, Richard J. Flinn, 
F. F. Forbes, Frank L. Fuller, Harry F. Gibbs, Julius C. Gilbert, T. C. 
Gleason, Albert S. Glover, J. A. Gould, Frederick W. Gow, E. H. Gowing, 
J. C. Hammond, Jr., John C. Haskell, L. M. Hastings, T. G. Hazard, Jr., 
William R. Hill, Horace G. Holden, H. R. Johnson, Horace Kingman, Wil- 
bur F. Learned, James W. Locke, Frank £. Merrill, ‘Thomas Naylor, Frank 
L. Northrop, W. J. Sando, Charles W. Sherman, Walter H. Sears, George 
A. Stacy, Edwin A. Taylor, Robert J. Thomas, Harry L. Thomas, William 
H. Thomas, D. N. Tower, W. H. Vaughn, John Venner, William W. Wade, 
Charles K. Walker. 


ASSOCIATE MEMBERS. 


Ashton Valve Co. ; Coffin Valve Co.; Hersey Mfg. Co., by J. A. Tilden, 
Fred A. Smith, A. A. Blossom; Kennedy Valve Co., by M. J. Brosnan; 
Lead Lined Iron Pipe Co., by T. C. Dwyer; Ludlow Valve Mfg. Co., by 
H. F. Gould; Neptune Meter Co., by H. H. Kinsey ; Rensselaer Mfg. Co., by 
Fred 8. Bates; A. P. Smith Mfg. Co., by W. H. Van Winkle; U. S. Cast 
Iron Pipe & Foundry Co.; Sumner & Goodwin Co., by F. B. Sumner; 
Thomson Meter Co., by S. B. Higley; Union Water Meter Co.; The George 
Woodman Co. 


GUESTS. 


L. C. Dean, Attleboro, Mass.; James M. Buntin, John H. Lewis, E. P. 
Allister, George W. Travis, Natick, Mass.; George Goodhue, Frederick A. 
Aucher, Water Commissioner, Syracuse, N. Y.; Joshua Morse, Hingham, 
Mass.; Mr. Robinson, Plymouth, Mass.; W. E. Mayberry, Braintree, 
Mass.; M. E. Kennedy, L. Z. Carpenter, Attleboro, Mass. 
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The following gentlemen were elected to membership in the Asso- 
ciation : — 

Resident Active. —Stephen DeM. Gage, Biologist Massachusetts State 
Board of Health, Lawrence Experiment Station; L. Z. Carpenter, Superin- 
tendent Attleboro Water Works; William A. Kilburn, Secretary Water Com- 
missioners, Lancaster; William L. Kimball, Inspector Metropolitan Water 
Board; John L. Howard, Assistant Engineer Metropolitan Water Board; 
Leonard Lee Street, Engineering Department, Metropolitan Water Works; 
James W. Killam, Metropolitan Water Works, Reading; Charles E. Haber- 
stroh, Assistant Superintendent Metropolitan Water Works, South Framing- 
ham; Carl J. Youngren, Clerk Metropolitan Water Works, Boston; Sidney 
K. Clapp, Metropolitan Water Works, Boston; George W. Travis, Superin- 
tendent Natick Water Works; Andrew D. Fuller, Assistant Engineer Sew- 
erage and Surface Drainage Systems, Boston. 

Non-Resident Active. — William B. Ewing, C.E., La Grange, Ill. 

Associate. — Edward Robinson, Wells Light Mfg. Co., New York City. 


George F. Chace, Superintendent, Taunton, Mass., read a paper 
entitled ‘* A Rumpus in Collecting Meter Rates: Causes and Con- 
sequences.” Mr. J. C. Gilbert followed with a statement concerning 
recent trouble he had had of the same character. 

Dr. Frederick S. Hollis, Biologist of the Metropolitan Water 
Works, then read a paper on ‘* Removing Organisms from Water.” 
Mr. Hill read a statement in reply, and the subject was further dis- 
cussed by Messrs. R. S. Weston, Horatio N. Parker, J. C. Haskell, 
W. R. Hill, and F. 8S. Hollis. 

A paper descriptive of the Glasgow Water Works, contributed by 
James M. Gale, C.E., Engineer-in-Chief Loch Katrine Water 
Works, Glasgow, Scotland, was read by Mr. Charles W. Sherman. 

A paper by Freeman C. Coffin, C.E., entitled ‘‘ Covered Reser- 
voirs and their Design,” was presented by title. 

Adjourned to January 10, 1900. 


ADJOURNED MEETING. 


Youne’s Horer, Boston, January 10, 1900. 
President Cook in the chair. 
The following members and guests were present : — 


MEMBERS. 


Francis E. Appleton, Wm. E. Badger, Charles-H. Baldwin, Lewis M. 
Bancroft, Roland D. Barnes, George W. Batchelder, Joseph E. Beals, 
James W. Blackmer, 2d, George Bowers, Dexter Brackett, E. C. Brooks, 
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Fred Brooks, James Burnie, George F. Chace, G. L. Chapin, John C. Chase, 
R. C. P. Coggeshall, Wm. Downey, Eben R. Dyer, John W. Ellis, George 
E. Evans, John N. Ferguson, F. F. Forbes, William E. Foss, Frank B. 
French, Frank L. Fuller, George W. Fuller, Harry F. Gibbs, Albert S. 
Glover, J. A. Gould, Frederick W. Gow, E. H. Gowing, John C. Haskell, 
V. C. Hastings, Louis E. Hawes, William E. Hawks, T. G. Hazard, Jr., 
Horace G. Holden, E. W. Kent, Willard Kent, Patrick Kieran, Morris 
Knowles, James W. Locke, A. E. Martin, Frank E. Merrill, Charles E. 
Peirce, John H. Perkins, J. B. Putnam, Walter H. Richards, W. W. Robert- 
son, Harley E. Royce, George O. Sanders, Charles W. Sherman, W. H. 
Sears, M. A. Sinclair, J. Waldo Smith, Robert W. Taber, Lucian A. ‘Taylor, 
Robert J. Thomas, Harry L. Thomas, William H. Thomas, W. H. Vaughn, 
William W. Wade, Charles K. Walker, George E. Wilde, William F. Wil- 
liams, and George E. Winslow. 


ASSOCIATE MEMBERS. 


Ashton Valve Co., by C. W. Houghton; Chadwick Lead Works, by A. H. 
Brodrick; Chapman Valve Mfg. Co., by E. F. Hughes; Coffin Valve Co., 
by H. L. Weston; Hersey Mfg. Co., by J. A. Tilden and Albert A. Blos- 
som; Ludlow Mfg. Co., by S. F. Ferguson; National Meter Co., by John 
C. Kelley and J. G. Lufkin; Neptune Meter Co., by H. H. Kinsey; A. P. 
Smith Mfg. Co., by W. H. Van Winkle; B. F. Smith & Bro., by B. F. 
Smith; Sumner & Goodwin Co., by F. D. Sumner; Union Water Meter Co., 
by Frank L. Northrop; U.S. Cast Iron Pipe & Foundry Co., by John M. 
Holmes and E. T. Stewart; R.D. Wood & Co., by W. E. Newhall and 
E. T. Krewson; The George Woodman Co., by H. A. Gorham. 


GUESTS. 

J. M. Anderson, Worcester, Mass.; Charles F. Bancroft, Winchester. 
Mass.; E. E. Brownell, Dayton, Ohio; Edward Backus, Somerville, Mass. ; 
M. J. Dowd, Frank L. Weaver, H. C. Taft, Members Lowell Water Board, 
Lowell, Mass.; George M. Hawks, Secretary, Bennington, Vt.; S.C. Hunt, 
John L. G. Mason. Members Water Board, New Bedford, Mass.; A. T. Saf- 
ford, Assistant Engineer Locks & Canals Co., Lowell, Mass.; Charles E. 
Smith, Lincoln, Mass.; Edmund B. Weston, Consulting Engineer, Provi- 
_ dence, R. I.; C. M. Woodward, Water Commissioner, West Springfield, 
Mass. ; Gardner T. Swarts, Secretary Rhode Island State Board of Health, 
Providence, R. I.; F. V. Fuller, J. F. Monahan, Boston, Mass. 


The following were elected members : — 


Resident Active. — Edward S. Larned, Metropolitan Water Supply, South 
Framingham. 

Non-Resident Active. —'l. Schuyler Miller, First Assistant Chemist to the 
Department of Water Supply, Brooklyn, N. Y.; Allan W. Cuddeback, 
Assistant Engineer Passaic Water Co., Paterson, N. J.; William Murdock, 
Chief Engineer and Superintendent St. John Sewerage and Water Works, 
St. John, N. B. 
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Edmund B. Weston, Consulting Engineer, Providence, R. I., read 
a paper entitled ‘‘ The Subsidence Gravity System of Mechanical 
Filtration.” The paper was discussed by Dr. Gardner T. Swarts, 
Secretary of the State Board of Health of Rhode Island, George 
W. Fuller, and R. S. Weston. 

E. E. Brownell, Electrical Engineer, Dayton, Ohio, read a paper 
on ‘‘ Electrolysis from Facts and Figures.” 

Adjourned to February 14, 1900. 


ADJOURNED MEETING. 


Youne’s Horet, Boston, February 14, 1900. 


President Cook in the chair. 
The following members and guests were present : — 


MEMBERS. 


Lewis M. Bancroft, Joseph E. Beals, George Bowers, E. C. Brooks, Fred. 
Brooks, George F. Chace, G. L. Chapin, H. W. Clark, A. W. Cuddeback, John 
C. Chase, R. C. P. Coggeshall, Byron I. Cook, J. W. Crawford, Arthur W. 
Dean, Charles H. Eglee, John N. Ferguson, F. F. Forbes, Frank L. Fuller, 
E. H. Gowing, Frank E. Hall, E. A. W. Hammatt, George W. Harrington, 
J. C. Haskell, Horace G. Holden, F. S. Hollis, John L. Howard, Willard 
Kent, Patrick Kieran, Leonard P. Kinnicutt, E. S. Larned, A. E. Martin, 
Theodore H. McKenzie, F. E. Merrill, ‘Thomas Naylor, W. W. Patch, Horatio 
N. Parker, J. B. Putnam, W. W. Robertson, W. J. Sando, Charles W. Sher- 
man, Walter H. Sears, George A. Soper, George A. Stacy, Robert J. Thomas, 
Harry L. Thomas, William H. Thomas, D. N. Tower, W. H. Vaughn, Wil- 
liam W. Wade, George W. Travis, George E. Winslow. 


ASSOCIATE MEMBERS. 


Ashton Valve Co., by C. W. Houghton; Chapman Valve Mfg. Co., by 
Edward F. Hughes; Coffin Valve Co., by H. L. Weston: M. J. Drummond 
& Co., by Lester E. Wood; Hersey Mfg. Co., by Albert S. Glover; Ken- 
nedy Valve Co., by M. J. Brossian; Lead Lined Iron Pipe Co., by Thomas 
E. Dwyer; Ludlow Valve Mfg. Co., by H. E. Gould; Henry F. Jenks, 
Pawtucket, R. I.; National Meter Co., by J. G. Lufkin; Neptune Meter 
Co., by H. H. Kinsey; Perrin, Seamans & Co., by Harold N. Bond; Rens- 
selaer Mfg. Co., by Fred S. Bates; Builders’ Iron Foundry, by F. N. Co- 
met; A. P. Smith Mfg. Co., by W. H. Van Winkle; ‘Thomson Meter Co., 
by Henry C. Folger and S. D. Higley; Union Water “Meter Co., by A. S. 
Otis and F. L. Northrop; U. S. Cast Iron Pipe & Foundr y ais by E. T. 
Stuart; R. D. Wood & Co., by E. F. Krewson. 
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GUESTS. 

E. D. Eldredge, Treasurer Onset Water Co., Brookline, Mass.; F. B. 
French, Superintendent Public Works, Woburn, Mass.; Charles F. Know!l- 
ton, Commissioner Public Works, Quincy, Mass.; H. S. Macksey, Assistant 
Superintendent, Boston, Mass.; S. C. Prescott, Boston, Mass.; Wm. T. 
Sullivan, Engineer, Lowell, Mass.: F. L. Weaver, President Water Board, 
Lowell, Mass.; J. P. Wood, Marlboro, Mass.; J. N. Gilligar, Natick, Mass. 


The following gentlemen were elected to membership : — 


Resident Active. — Bennett F. Davenport, Chairman Water Commissioners, 
Watertown, Mass.; Edward D. Eldredge, Superintendent Wareham Water 
Works, Brookline, Mass.; Wm. F. Sullivan, Lowell Water Works, Lowell, 
Mass.; Frank B. Wilkins, Superintendent Water Works, Milford, N. H. 

Non-Resident Active. —J. L. Ludlow, Winston, N. C.; N. B. Livermore, 
Superintendent Water Works, San Diego, Cal.; E. C. Amos, Civil Engineer 


Montreal, Can. 


A paper entitled ‘* The Ozonization of Water,” by Dr. George A. 
Soper, Engineer and Chemist, New York City, was read by the 
author and discussed by Prof. L. P. Kinnicutt, Dr. F. S. Hollis, and 
Messrs. H. W. Clark, Horatio N. Parker, J. C. Haskell, and George 
F. Chace. 

Mr. John L. Howard, Assistant Engineer Metropolitan Water 
Works, then read a paper entitled ‘* The Construction of the Fells 
Reservoir for the Metropolitan Water Works,” illustrated by lantern 
slides. It was discussed by Dr. F. S. Hollis. 

A third paper on ‘‘Cement Lined Service Pipe, with a brief dis- 
cussion of lead poisoning resulting from use of lead for service 
pipe,” by Fayette F. Forbes, C.E., Superintendent Brookline Water 
Works, was then read by Mr. Forbes, and was discussed by Messrs. 
Frank L. Fuller, Charles W. Sherman, T. H. McKenzie, George F. 
Chace, George A. Stacy, F. E. Merrill, George E. Winslow, E. A. W. 
Hammatt, Byron I. Cook, Harry W. Clark, and Walter W. Patch. 

On motion, the meeting adjourned. 
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